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ABSTRACT: Direct discharge of sediments and agricultural chemicals into rivers is a major 
areal source for surface water pollution. This study was conducted to evaluate the impact on 
water quality by converting riverside crop fields to riparian buffer zones at river basin scale. 
The Jinghe catchment of the Weihe River basin in China, a heavily cultivated watershed in 
the middle reach of the Yellow River basin, was selected for this study. The Annualized 
Agricultural Non-Point Source Pollution Model (AnnAGNPS) was used to simulate water 
and sediment loadings from upland fields. These generated upland loadings then were used as 
inputs to run the Riparian Ecosystem Management Model (REMM) for assessing the impact 
of riparian buffer zones on reducing sediment concentration and nutrients in surface runoff. 
The whole Jinghe catchment was divided into 4290 homogeneous drainage areas by 
AnnAGNPS, and both models were run for each drainage area for one year. The annual 
output data for each drainage area were spatially integrated over the whole Jinghe catchment. 
Five designs of the riparian buffer with different zone numbers, zone widths and vegetation 
types were tested. Annual totals of water inflow, sediment yields and dissolved nitrogen in 
surface runoff into zones 3, 2, and 1, and those out of zone 1 for the whole Jinghe catchment 
were calculated, compared and analyzed for all the five designs. The analysis indicated that 
the sediment was reduced by 85.7% to 90.8% and the dissolved nitrogen in surface runoff 
was reduced by 85.4% to 91.9% over the whole catchment. Our study has provided a helpful 
way in using the field-scale REMM model in conjunction with the well accepted AnnAGNPS 
model in evaluating ecological engineering projects at river basin scale. The results of this 
study are anticipated useful in guiding the land use changes in the Yellow River basin in 
China for improving surface water quality by building riverside riparian buffer zones.  
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Chapter 1  Introduction 
 Food security has always been one critical issue for our society (Godfray and Garnett, 
2014). In China, food security is a high priority issue and it is challenged by several factors, 
including population growth, urbanization and industrialization etc. (Khan et al., 
2009). These factors have generated an inevitable pressure on agricultural production (Van 
Bavel, 2013). During the past decades, more and more lands have been converted to crop 
fields and many agricultural lands have been expanded to the edge of riverbanks (Zhou et al., 
2010). Direct discharge of chemicals and sediments into the surface water system has resulted 
in water pollution in large scale, which in turn has reduced the usable water for agriculture, 
industry, and domestic use in China (Shi and Wang, 2002). In China, water resources and 
watershed processes have become a top research priority. 
 Riparian buffer zones are revealed to be effective in reducing pollutants and sediments 
loadings into the surface water systems and managing water resources. They are efficient in 
removing excessive nutrients and sediments from water bodies and show great potential in 
controlling nonpoint source pollutant in surface runoff (Weigelhofer et al., 2012). Converting 
riverside croplands into riparian buffers is assumed to be beneficial to surface water systems. 
 In the U.S., studies of simulating riparian buffer zones have been conducted for a long 
time, however, few studies have been conducted in China which is the largest agricultural 
country in the world. It is assumed that the conversion of riverside crop fields to riparian 
buffer zones would bring great advantages in improving water quality and protecting 
watershed ecosystems in China.
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 The objective of this study is to evaluate the impact on water quality by converting 
riverside crop fields to riparian buffer zones in the Jinghe catchment, China using two 
hydrologic models, AnnAGNPS and REMM. Specific objectives include 1) to evaluate the 
reduction of water, sediments and nitrogen of a standard riparian buffer, 2) to assess the 
impact on reducing sediments and nutrients of narrower riparian buffers by reducing zones 
width, 3) to estimate the effect of vegetation types on reducing sediments and pollutants. 
 In this study, Chapter 2 gives a review of the literature, including an overview of riparian 
buffer zones, application of the REMM and the AnnAGNPS models, other related hydrologic 
models and studies on the Jinghe catchment. 
 Chapter 3 describes the study area, datasets and methods. The study area is the Jinghe 
catchment of the Weihe River basin at the middle part of the Yellow River basin in China. 
Topography, land use and management, soil and climate data are used for running 
AnnAGNPS for obtaining upland loadings which are then used as inputs for REMM to 
calculate annual total of water inflow, sediment and dissolved nitrogen in surface runoff. Five 
designs of riparian buffers with different zone numbers, zone widths and vegetation types 
were simulated to compare and analyze the effectiveness of riparian buffers. 
 Chapter 4 presents the results of the reduction in water inflow, sediment and dissolved 
nitrogen in surface runoff for the whole Jinghe catchment. Chapter 4 also presents results of 
comparisons of effect on reducing sediments and nutrients of different designs. 
 Chapter 5 briefly summarizes the study purposes, procedures and results, and provides 
suggestions for future studies. 
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Chapter 2  Literature Review 
2.1  Riparian Buffer Zones 
 Numerous studies have authenticated the effectiveness of riparian buffer zones in 
improving the overall ecosystem especially in reducing nutrients like nitrogen and 
phosphorus and sediments into the surface water system. 
 Weigelhofer et al. (2012) assessed nutrient uptake from experiments with NH4, PO4, and 
NaCl in riparian buffers and compared with degraded reaches of the same streams. 
Hydrologic retention was calculated with the model OTIS-P. Ammonium uptake lengths were 
shorter in riparian buffers than in degraded reaches because of the higher hydrologic retention. 
Uptake velocities did not differ much between riparian buffers and degraded reaches which 
indicated that riparian buffers did not affect the nutrient demand. The study also shows that 
the physical and biochemical effects of riparian buffers on nutrient retention are limited in 
highly nutritious streams. 
 Denitrification is considered to be one of the most important processes responsible for N 
reduction in riparian buffer zones (Hefting et al., 2005). Burt et al. (1999) identified a riparian 
buffer zone at Cuddesdon Mill on the River Thame floodplain, England. Using the 
denitrification techniques, they measured nitrate moving from agriculture field through the 
riparian buffer and into the river. However, while there was significant potential for 
denitrification at the site, this was not realized because some of the water bypassed the 
riparian zone and entered the river directly. Their conclusion was that nitrate buffer zones will 
only be efficient if the hydrology of the site is appropriate. 
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 Hefting et al. (2005) measured nitrogen uptake in vegetation and N immobilization in 
litter in riparian buffer zones over two years in a forested and herbaceous riparian buffer in 
Europe. They found N uptake and N retention were significantly higher in the forested 
buffers than in the herbaceous buffers. Also, in winter, decaying leaf litter had a small but 
significant role in N retention in riparian ecosystems.  
 The National Water Quality Assessment (NAWQA) Program has investigated the 
transport of nitrate in ground and surface waters in many studies in United States. Riparian 
buffer efficiency in removing nitrate varied with hydrogeologic factors in these studies. The 
hydrogeologic factors included denitrification in the up-gradient aquifer, long residence times 
along ground-water flow paths, bypassing of riparian buffer zones and movement of ground 
water along flow paths. A better understanding of these hydrogeologic factors will develop 
improved nutrient management plans. 
 Nonpoint sources of phosphorus in agricultural runoff also contribute a great portion of 
pollutant sources. Continued inputs of fertilizer P in excess of crop requirements have 
become another environmental concern (Sharpley et al., 1994). 
 Sharpley et al. (1994) have conducted studies to make watershed management practices 
to mitigate nonpoint-source of agricultural P in order to develop effective options. Options 
include runoff and erosion control and nonpoint-source P management. To utilize manure P 
more efficiently, landowner options include manure analysis. 
 Hoffmann et al. (2009) review of the four of the most important hydrological pathways 
for P losses from riparian buffers and P retention in buffers. They were: (i) The flow path 
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with ground water flow through the riparian aquifer, (ii) the overland flow path across the 
riparian buffer, (iii) irrigation of the riparian buffer with drainage water from agricultural 
fields and (iv) flooding of the riparian buffer with river water. They also investigated how the 
different flow paths affect P retention theoretically and empirically and they found that the 
different hydrological flow paths determine where and how P compounds interact with 
minerals in a riparian buffer. 
 Another major pollutant in runoff which will be significantly reduced by riparian buffers 
is the sediment. Lee et al. (2003) conducted a field study to determine the effectiveness of a 
riparian buffer in trapping sediment from cropland runoff during rainfall events. Plots were 
installed in a cropland source area paired with either no buffer, a 7.1 m switchgrass buffer, or 
a 16.3 m switchgrass/woody buffer. The switchgrass buffer removed 95% of the sediment. 
The switchgrass/woody buffer removed 97% of the sediment in the runoff because 
combinations of warm-season grass and woody vegetation improved the removal 
effectiveness for the nonpoint source pollutants from agricultural fields. 
 Mankin et al. (2007) assessed the influence of riparian buffer width and vegetation type 
on the overall reductions of total suspended solids from runoff passing through riparian buffer 
systems. Buffers with widths ranging from 8.3 to 16.1 m and three vegetation types (natural 
selection grasses, native grasses and plum shrub, and natural selection grasses and plum 
shrub) were designed to receive runoff. Samples were collected by using Runoff Sampling 
System (ROSS) units. They found the buffers were efficient in removal of sediments. Mass 
and concentration reductions averaged 99.7% and 97.9% for total suspended solids 
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respectively. Results indicate that properly designed grass-shrub buffers with widths of only 
8.3 m improve water quality. 
 Besides the environmental benefits, studies have also shown possible economic benefits, 
such as from biomass production in riparian buffer zones. Dosskey (2012) referred that some 
researchers have assumed that producing biomass crops in riparian buffer zones can produce 
biofuel materials and improve water quality simultaneously. Perennial biomass crops, such as 
switchgrass, poplar and willow have been reported to trap as much as 143 kg N and 26 kg P 
per hectare per year while fast-growing biomass crops can increase nutrient trapping even 
further. Profit from the biomass crops can also help to increase landowner interest in 
sustaining the riparian buffer management strategy. 
2.2  Application of the REMM Model 
 As the model designed to be directly used for the purpose of simulating riparian 
ecosystems, REMM has been extensively applied to different riparian areas in numerous 
studies. Inamdar et al. (1999) used REMM to comprehensively simulate hydrologic 
components and water quality and nutrient cycling components for a Coastal Plain riparian 
buffer system near Tifton, Georgia, USA. The hydrologic components include shallow 
groundwater movement, water table depths, surface runoff, and annual hydrologic budgets. 
Measured surface runoff and shallow groundwater movement were used as the hydrologic 
input to REMM. Simulation results were compared to measured results for the same five-year 
time period. The water table depths simulated by REMM were observed. Simulated surface 
runoff was within one standard deviation of observed values for four years for zone 3 and for 
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two years for zone 2. Annual hydrologic budgets produced total streamflow comparable to 
those measured for the riparian site. These results subsequently provided basis for the testing 
of other model components including water quality and nutrient cycling. 
 In detailed analyses, nitrogen (N), phosphorus (P), and carbon (C) cycling and transport 
were simulated and compared. Simulated nutrient concentrations were within one standard 
deviation on an annual basis. Simulated surface runoff loads out of zone 3 for most N and P 
forms were within one standard deviation of the observed values. As for zone 2, simulated 
surface runoff loads for inorganic N were lower than observed. 
 Dukes and Evans (2003) evaluated the hydrology component of REMM utilizing two 
years of field data in the North Carolina Middle Coastal Plain. Daily simulated water table 
depth was compared to observed values within a 15 m wide buffer. Absolute errors between 
simulated and observed water table depth were found to be 0.35 to 0.36 m and errors ranged 
from 0.12 to 0.15 m. Simulated evapotranspiration (ET) was higher in zone 3 than in zone 1 
and zone 2. ET estimation should be further improved for herbaceous vegetation types to 
improve water table depth predictions.  
 Allison et al. (2006) evaluated REMM as a tool for designing urban riparian buffers 
based on the requirements of Delaware that 60% of the P and 40% of the N loadings should 
be reduced before flowing to surface water. A 15 m by 30 m riparian buffer was simulated 
and REMM inputs were obtained from published databases. Results shows that total P was 
reduced by around 60 percent except for the low rainfall year. Allison also mentioned that 
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this study will be beneficial to individuals who are responsible for nonpoint source permitting 
and for urban storm water runoff control. 
 Since the REMM could be applied into various designs based on the user-designed 
properties of riparian buffer zones such as the vegetation properties and the physical 
properties like width and length of the buffer, many sensitivity analyses have been conducted 
using REMM. Graff et al. (2005) conducted a sensitivity analysis with REMM and evaluated 
the impacts of changing buffer designs on N, P, and sediment in water. Vegetation properties 
such as plant height, LAI and rooting depth were changed. Results showed that model outputs 
were not sensitive to plant height or LAI. However, when roots became shallower, outputs 
were sensitive to rooting depth.  
 A case study conducted by Clinton (2011) examined the impact of riparian buffer width 
on stream water quality in four catchments using REMM. Three riparian buffer widths (0 m 
(no-buffer), 10 m, and 30 m) were designed and one reference site was used. Results 
indicated the 10 m wide buffers may provide the most effective protection with respect to 
stream water quality.  
 Lowrance et al. (2001) used REMM to simulate 14 different buffers with three different 
types of vegetation (hardwood trees, pine trees, and perennial grass), and two different water 
and nutrient loads at a Coastal Plain site. The width of buffers ranged from 4.6m to 51.8m. 
Simulated results showed that the buffer with 4.6 m width was inappropriate for controlling 
nutrients under either load case. However, the buffer with 10.7 m width could achieve at least 
50 percent reduction of N, P, and sediment in load. 
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2.3  Application of the AnnAGNPS Model 
 Baginska et al. (2003) applied AnnAGNPS to predict nitrogen and phosphorus export 
from Currency Creek, a small experimental catchment in Sydney, Australia. Simulations of 
nitrogen and phosphorus loads in the catchment were performed at different temporal scales. 
AnnAGNPS simulated event flows were proved to be acceptable. 
 Srivastava et al. (2002) conducted a study to integrate a genetic algorithm with 
AnnAGNPS to optimize the selection of best management practices (BMP) for an 
experimental watershed in Pennsylvania. Results indicate that the genetic algorithm was able 
to identify BMP schemes that reduced pollutant load by as much as 56%. 
 Gordon et al. (2007) simulated ephemeral gully development, growth, and soil losses 
using AnnAGNPS. The method integrated analytic formulations within single or multiple 
storm events at the sub-cell scale to predict gully evolution, gully widening, and gully 
reactivation. Results of event-scale and continuous simulations revealed the applicability of 
AnnAGNPS in simulating ephemeral gullies. The incorporation of ephemeral gully erosion 
within AnnAGNPS will significantly improve the predictive capabilities of the model in 
agricultural watersheds. 
 AnnAGNPS has been validated and verified to perform well in many studies. Yuan et al. 
(2001) calibrated AnnAGNPS using the data collected from the Mississippi Delta 
Management System Evaluation Area (MDMSEA) Deep Hollow watershed. The validated 
AnnAGNPS was then used to evaluate the effectiveness of Best Management Practices 
(BMPs) for sediment reduction. The predictions of AnnAGNPS were compared with 
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three-year field observed data from the MDMSEA Deep Hollow watershed. The R2 between 
simulated and observed runoff data on an event basis was 0.9; while the R2 between predicted 
and observed sediment yields data was 0.5, indicating that the model was not very reliable for 
short–term event sediment prediction. Monthly average simulated and observed sediment 
yield had an R2 of 0.7. Three–year simulated total runoff was 89% of the observed data and 
three–year predicted total sediment yield was 104% of observed data. 
 After demonstrating the capability of AnnAGNPS in simulating runoff and sediment 
yield, the same team of Yuan et al. (2003) tested the performance of AnnAGNPS on nitrogen 
loading by comparing with measured data from the Deep Hollow watershed. Results indicate 
that AnnAGNPS simulations of monthly nitrogen loadings are not good due to the initial 
nitrogen concentration in the soil and crop nitrogen uptake; A t-test showed that the simulated 
nitrogen loading was not significantly different from observed data at the 95% confidence 
level. 
 Polyakov et al. (2007) evaluated the performance of AnnAGNPS in simulating runoff 
and soil erosion in a watershed on the Island of Kauai, Hawaii using 2-year observed runoff 
and sediment load data. Monthly runoff simulated by AnnAGNPS compared well with the 
measured data with a R2 value equals to 0.90. However, during the driest months (May and 
July), difference between simulated and measured runoff was up to 60%. Daily runoff 
prediction was less accurate with R2 equals to 0.55. Difference between monthly simulated 
and measured sediment yield was less than 50% except for May 2004 while on a daily basis, 
the correlation between simulated and measured sediment yield was poor (R2 = 0.5, P < 0.05). 
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Based on the results, Polyakov et al. (2009) concluded that the model performed reasonably 
well and can be used as a watershed management tool. 
 Licciardello et al. (2007) evaluated predictions of runoff and sediment yield by 
AnnAGNPS in a pasture-covered experimental watershed in Sicily. Simulated results were 
compared with 7-year site-observed data. The model proved to be capable in simulating 
surface runoff at event, monthly, and annual scales. The predictions of peak flow were 
generally good for low flow rates, but not good for higher flow rates. The overall results 
showed the applicability of the AnnAGNPS model to the experimental watershed. 
2.4  Integration of REMM, AnnAGNPS and Other Models 
 One single model may not meet the analysis requirements of users. People want to study 
the whole watershed processes in multiple scales. In that case, neither a field-scale model nor 
a watershed-scale model would be functional enough. As a result, people integrate multiple 
hydrologic models to achieve higher requirements and integrated models have been used in 
many studies.  
2.4.1  GLEAMS and REMM 
 The integration of one upland model and one riparian model such as Groundwater 
Loading Effects of Agricultural Management Systems (GLEAMS) and REMM would allow 
evaluation of best management practices in an agricultural field and the adjacent riparian area 
(Tucker et al., 2000).  
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 Gerwig et al. (1998) evaluated the capabilities of the integrated GLEAMS and REMM to 
assess nitrogen and phosphorus movement from a upland field through a riparian area. 
GLEAMS simulated nitrogen concentration was within 14% of the observed data while 
REMM simulated N concentration was within 5% of the observed data. GLEAMS simulated 
phosphorus followed the observed data, and REMM simulated P was greater than observed 
data. Their results generally indicated that the current version of REMM had good 
capabilities, but the interface between the two models was time consuming.  
 Tucker et al. (2000) developed an integrated model system for combining GLEAMS and 
REMM in a cascaded format to determine the process of surface and subsurface water 
leaving from an upland crop field to a riparian forest based on Darcy’s equation. The model 
system performed as expected under precipitation changes for both shallow groundwater 
levels and runoff and it also exhibited expected performance under different leaf area index 
(LAI) parameters within the riparian forest. The shallow groundwater levels and runoff were 
not radically affected, but the levels of response were less than expected. 
 Using the same integrated model system, Tucker et al. (2000) also evaluate agricultural 
and forest management impacts on water movement for field situations in the southeastern 
Coastal Plain. Under various forest management practices (clear-cut, thinned, and mature 
forest treatments), the model system was able to represent the shallow groundwater levels. 
Simulated monthly average results were within 0.14, 0.08, and 0.25 m of observed values for 
the clear-cut, thinned, and mature forest treatments, respectively. The model system did not 
perform well in representing total monthly runoff. Simulated monthly average differences 
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were 0.73, 1.19, and 0.48 cm lower than observed results for the three practices. However, as 
the number of trees increased, runoff decreased. It demonstrated that the model system could 
indicate the expected runoff with changes in forest management. Tucker et al. (2000) 
concluded that the integrated model system has the potential capability of merging multiple 
model characteristics into management practice evaluations. 
2.4.2  CONCEPTS and REMM 
 The integration of the Conservational Channel Evolution and Pollutant Transport System 
(CONCEPTS) and REMM has engendered a comprehensive stream-riparian corridor model 
that can evaluate the impact of riparian conservation measures on stream stability and water 
quality. 
 Langendoen et al. (2009) used the integrated model to study the effectiveness of woody 
and herbaceous riparian buffers in controlling streambank erosion of a stream in Mississippi. 
In the upper part of the stream, the model accurately simulated pore-water pressures 
compared with observed values, while in the lower part, simulated pore-water pressures 
deviated from observations.  
 The modeling exercise further showed that coarse roots of the woody vegetation 
significantly enhance streambank stability and reduced streambank erosion while the impact 
of roots from herbaceous vegetation on sreambank stability is negligible .  
 For the sake of simulating large watersheds, the integration between two field-scale 
models such as GLEAMS and REMM or CONCEPTS and REMM may have scaling 
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problems. In this case, many studies select the frequently used watershed-scale model Soil 
and Water Assessment Tool (SWAT) to integrate with REMM. 
2.4.3  SWAT and REMM 
 An ecological shelter buffer was built along the Three Gorges Reservoir to improve the 
local water quality. A methodology was developed by Shan et al. (2014) for modeling the 
shelter buffer in a typical watershed along the reservoir. This method combined geographic 
information systems (GIS) technology, the Soil and Water Assessment Tool (SWAT), and the 
Riparian Ecosystem Management Model (REMM) to estimate the transport of nonpoint 
source pollutants at a watershed scale. Results indicated that the estimated ecological shelter 
buffer with the average width of 58 m can achieve the required water quality of Three Gorges 
Reservoir. 
 Liu et al. (2007) conducted a study aimed developing a GIS interface that integrated 
SWAT and REMM to assess water quality benefits of riparian buffers in the Lower 
Canagagigue Creek watershed, Canada. The interface transferred the SWAT outputs into 
REMM and the outputs from REMM were in turn taken as inputs into SWAT for channel 
routing and further simulation. The results indicated that the riparian system reduced 
sediment by 27.9% and total phosphorus by 37.4%. The integrated model demonstrated that 
the GIS interface was appropriate to use for integrating models with distinctly different 
spatial scales. 
 The SWAT-REMM integrated model may be problematic at a subbasin scale because the 
size of a subbasin could affect the pollutant reduction rate of riparian buffers. Zhang et al. 
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(2017) conducted a study to compare different SWAT-REMM simulated results of 
sub-watersheds with sizes of 666, 333, 166, 83, 51, and 29 ha, from a larger watershed of 
1331 ha. Results showed that the effects of riparian buffers on runoff, sediment and nutrient 
loading varied a lot among the eight sub-watersheds. For runoff, the reduction rate varied 
from 0.26% to 30.13%. For sediment, the reduction rate ranged from 29.4% to 74.07%. For 
nutrients, the rate varied from 9.61% to 57.85% for nitrogen, and 18.61% to 68.12% for 
phosphorus. 
 Ryu et al. (2011) applied an enhanced SWAT-REMM version into the Bonggok 
watershed in Korea to investigate riparian buffers with different widths of 1, 5 and 10 m 
along the slope. In each catchment of the watershed, total nitrogen reductions ranged from 
14.8% to 54.0% for 10-meter-wide buffers and 6.9% to 31.6% for 1-meter-wide buffers. 
Based on this study, the enhanced SWAT-REMM was able to evaluate water quality 
improvement of riparian buffers in various watersheds and it is expected that the enhanced 
SWAT-REMM could be used to determine the optimized riparian buffer designs. 
2.4.4  AnnAGNPS and REMM  
 Annualized Agricultural Non-Point Source Pollution Model (AnnAGNPS) is another 
water quality model which is used to integrate with other models to simulate hydrologic 
parameters at a watershed scale. 
 Various models, including AnnAGNPS, that integrate hydrologic, geomorphic, and 
biologic processes taking place in the watershed, stream channels and riparian zone have 
been developed by the USDA Agricultural Research Service. The AGNPS 98 suite of models 
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simulates multiple processes in the upland areas (AnnAGNPS model), the stream channel 
(CONCEPTS model), and the riparian buffer zone (REMM model). The integration of these 
models becomes a complete tool for researchers to evaluate hydrologic processes. 
 A study lead by Yuan et al. (2007) was conducted to integrate AnnAGNPS with REMM 
for riparian buffer system simulation. AnnAGNPS was used to simulate runoff and sediment 
loadings of the upland field of a three-zone riparian buffer system at the Gibbs Farm in the 
Georgia coastal plain. The outputs of AnnAGNPS were used as the inputs of REMM. 
AnnAGNPS simulated upland loadings were compared with observed data and REMM 
simulated output from riparian buffer zones. Results showed that the AnnAGNPS simulated 
annual surface runoff was close to observed data at Gibbs Farm for years of 1992, 1994, 1995 
and 1996, and AnnAGNPS predicted more annual sediment yield than observed except for 
1992.  
 Further, using the AnnAGNPS/REMM integrated model at the same place, Yuan et al. 
(2007) concluded that the model well simulated the function of the riparian buffer system to 
trap sediment based on the following results of simulated percent reduction of sediment in 
each zone. The simulated sediment was reduced by 73% and the observed sediment was 
reduced by 78% after passing through zone 3. The higher observed sediment reduction is due 
to samples for collecting loadings flowing out of  zone 3 were located one meter into zone 2 
and would additionally reduce sediment. The simulated sediment was reduced by 90% and 
the observed sediment was reduced by 95% after exiting zone 2.  
2.4.5  SWAT, APEX and REMM 
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 Usually, integration of two hydrologic models is common in most of the studies. The 
integration of three or more than three models, is more complex, but the simulation capability 
is more comprehensive.  
 Zhang and Wu (2015) discussed the integration of three models including the 
Agricultural Policy/Environmental eXtender (APEX) model, the REMM model and the 
SWAT model.  
 APEX is able to simulate management practices, cropping systems, and other land uses 
across agricultural landscapes. REMM is appropriate for studying riparian buffer zones. 
SWAT is used to be an effective tool for large watershed applications. The integration of 
three models has been demonstrated to be a strong bioenergy landscape assessment tool for 
different types of land use changes, land management and water quality applications. Zhang 
and Wu also mentioned that ecosystem services on the landscape will further challenge the 
capabilities of these models, which require further research on the integration of these three 
models.  
2.5  Other Related Hydrologic Models 
 Besides the models used in this study (AnnAGNPS and REMM), and the models which 
are frequently integrated with REMM (SWAT, GLEAMS, CONCEPTS), many other 
hydrologic and water quality models are also useful to watershed assessment which are worth 
to be briefly reviewed (Parajuli and Ouyang, 2013). 
 The Water Erosion Prediction Project (WEPP) model is a continuous simulation 
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computer program used to predict surface flow and sediment yields from the hill slopes and 
small watersheds (Flanagan and Nearing, 1995). 
 Pandey et al. (2008) calibrated and validated the WEPP model for a small hilly watershed 
of India. The model was calibrated using data from the 1996 monsoon season and its 
performance was evaluated by estimating the daily runoff and sediment yield. With R2 ranged 
from 0.86 to 0.91, accuracy of the daily runoff simulation of the model was demonstrated. 
For simulation of sediment yield, high value of R2 (0.81–0.95) indicate that the WEPP model 
can be successfully used in the study watershed. Also, sensitivity analysis was conducted. 
Results show that the sediment yield is highly sensitive to interrill erodibility and effective 
hydraulic conductivity but runoff is sensitive to effective hydraulic conductivity only. 
 The hydrological simulation program—Fortran (HSPF) is a comprehensive model used 
for modeling hydrologic processes related to water quantity and quality in watersheds of 
different sizes and complexities (Bicknell et al. 2001). 
 Al-Abed and Al-Sharif (2008) calibrated and validated the HSPF model for the Zarqa 
River Basin in Jordan for the years from 1988 to 1991. After calibration, the model could be 
used to examine the impact of different management practices and climate conditions on the 
water resources in the basin. The calibration process was assisted by GIS and the automatic 
calibration model PEST. The results of R2 of the monthly water flow for the calibration and 
validation were 0.81 and 0.76, respectively. 
 The Environmental Fluid Dynamics Code (EFDC) is a surface water modeling system 
used to simulate aquatic systems in multiple dimensions to represent the physical 
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characteristics of a water body (Hamrick, 1996). 
 Zhou et al. (2014) investigated the impacts of a Severn Barrage on the 
hydro-environment of the Bristol Channel and Severn Estuary using the EFDC model. Cases 
with and without the barrage have been simulated to examine the potential changes on the 
peak water levels and the minimum water depths. The simulated results showed that the peak 
water levels could be significantly reduced and the minimum water depths could also be 
much changed.  
 The Storm Water Management Model (SWMM) is a single-event or continuous 
simulation model used to predict storm water runoff from urban areas (Rossman, 2010). 
 Barco et al. (2008) calibrated the SWMM model in the Ballona Creek Watershed in 
Southern California. GIS was used to process the input data and generate the precipitation 
distribution. An optimization technique was incorporated to estimate runoff parameters. The 
calibrated model predicted the outputs with acceptable accuracy. A sensitivity analysis was 
conducted for surface runoff and results were sensitive to imperviousness and impervious 
depression storage but not sensitive to Manning roughness. Their conclusion is that this 
methodology of integrating GIS and SWMM with a optimization technique is feasible for 
large watersheds.  
2.6  Studies on the Jinghe Catchment 
 In the Jinghe catchment in the northwest of Loess Plateau in China, rapid development 
results in land cover and land use change which directly impacts evolvement of soil and 
20 
 
water erosion (Yang et al., 2005). 
2.6.1  Land Use Change of the Jinghe Catchment 
 Yang et al. (2005) studied land use change of the Jinghe catchment during 1986 to 2000 
based on GIS. Their results could be summarized as follows. The main types of land use are 
grassland and arable land which occupied 85% of total area of the Jinghe catchment. Forest 
area occupied 10% of total area and other land use types only occupies 5% of total area. 
During this period, arable land area and urban area have been increasing, which shows 
development of cities is the main reason. The area of woodland and grassland decreased 
between 1986 and 1995, but increased between 1995 and 2000, which is mainly because of 
the implementation of policies in the Jinghe catchment. Also, inter-transitions between 
different land use types are mainly occurring among woodland, grassland and arable land. 
Three main reasons of land use change in the Jinghe catchment are policies, the enlargement 
of cities and the increase of population. 
2.6.2  Vegetation Degradation of the Jinghe Catchment 
 In the Jinghe catchment, soil and water loss caused by vegetation degradation is serious. 
The research on ecological water requirement will be important to the ecological restoration 
and construction in the Jinghe catchment. Min et al. (2003) estimated the ecological water 
requirement for forests in Jinghe catchment according to the GIS-based analysis of structure 
and distribution of forestland, water use period and typical tree species and statistics. The 
results showed that the minimum and appropriate ecological water requirement of the forests 
in Jinghe catchment were around 20 billion m3 and 34 billion m3 respectively. What is more, 
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in June, July and August, the ecological water requirements are more than those in other 
months. The ecological water requirements in different forestland from high to low are shrub 
land, forestland, scattered woodland and other forestlands. 
2.6.3  Model-based Studies on the Jinghe Catchment 
 In a study conducted by Wang et al. (2004), a daily distributed hydrological model was 
proposed based on GIS for the purpose of water resources management in the Yellow River 
Basin. In this model, runoff and yield was computed based on the topography index method, 
flow routing was modeled by Maskingum method. The model is operated by means of 
“command structure” technique. Using the model, a case study was conducted for the Jinghe 
catchment. The hydrological processes simulated by the model has shown that water quantity 
balance errors were less than 5% and the Nash-Sutcliffe coefficient is 0.7, which shows that 
the model structure is reasonable, and the model is acceptable for the purpose of water 
resources management. 
 Suo et al. (2008) conducted a study developing an improved Costanza model to estimate 
the health of 12 sub-watersheds of the Jinghe catchment. Three aspects including vigor, 
organization, and resilience were assessed respectively by merging observations with 
remotely sensing data on a watershed scale. In the Huangtu mountain region, results indicated 
that sub-watersheds were relatively healthy with scores over 0.673. In the loess mountain and 
the loess gully regions (Jinghe, Heihe, and Honghe regions), the sub-watersheds evaluated 
scores ranged from 0.505 to 0.606. All sub-watersheds in the loess hilly region scored less 
than 0.50 and were considered unhealthy. As a result, the loess hilly region and the loess 
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gully regions should be primarily considered for ecological protection and restoration. This 
study provided a possible and feasible model for ecological planning and watershed 
management with regard to topography in this area. 
2.6.4  Government of the Jinghe Catchment 
 The government of converting cropland into forest and grassland has been carried out in 
west China for years. Using MODIS (MODerate resolution lmaging Spectroradiometer) data 
in 2001 and 2004 and NDVI (Normalized Difference Vegetation Index), Guo et al. (2005) 
studied the vegetation change in the Jinghe catchment. Results show that NDVI increased 
significantly since the policy of converting cropland into forest and grassland was carried out. 
Many areas with low NDVI value (0～0.2) have disappeared with the area decreasing from 
18.9% to 1.7%. Areas with medium NDVI value (0.2～0.4) decreased from 61.4% to 45.5%, 
while areas with high NDVI value (0.4～0.6) increased from 19.5% to 36.6%. It can be 
considered that the vegetation has been perfectly restored due to the influence of natural 
conditions and human policy. Moreover, latitudinal difference in this area performs a 
decrease tendency of NDVI from south to north and vertical difference behaves an increase 
tendency of NDVI from bottom to top mountain.  
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Chapter 3  Methodology 
3.1  Study Site Description 
 The study site is the Jinghe catchment (106°14′ to 108° 42′ E，34°46′ to 37°19′ N) in the 
Weihe River basin at the middle part of the Yellow River basin in China (Figure 1). The 
Weihe River is the mother river of Shaanxi Province in China. The Jinghe River is the 
primary tributary to the Weihe River with the total length of 483 km. The Jinghe catchment is 
the second largest catchment of the three catchments in the Weihe River basin. It drains 
45,421 km2 which accounted for 33.85% of the total drainage area of the Weihe River basin.  
 The climate of the Jinghe catchment is typical temperate continental climate, dry in 
winter and rainy in summer. The annual precipitation ranges from 350 to 600 mm and is 
mainly concentrated from May to September. During this time, the amount of precipitation 
accounts for 72% to 86% of the total annual precipitation. The maximum monthly 
precipitation usually occurs in July and August, accounting for 36% to 44% of the total 
annual precipitation during this time. The minimum monthly precipitation occurs in January 
and February which only accounts for 3% of the total annual precipitation. The maximum 
annual precipitation could be 1.8 to 3.5 times the minimum annual precipitation. The amount 
of precipitation decreases from south to north in the basin. Usually, the amount of 
precipitation in south could be twice as much as that in the north ("An Overview of the 
Jinghe catchment," n.d.). 
 In the Jinghe catchment, the annual average temperature is 8 ℃, the lowest monthly 
average temperature is -8 to -10 ℃ and the highest monthly average temperature is 22 to 
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24 ℃. The sediment concentration is relatively high in the Jinghe river. The historical 
measured maximum sediment concentration is 1430 kg/m3 on July 11, 1958 and the historical 
annual average sediment concentration is 141 kg/m3. The Jinghe catchment contributes the 
main source of sediment to the Weihe River basin, and the annual average sediment delivered 
from the Jinghe catchment to the Weihe River basin is up to 250 million tonnes ("An 
Overview of the Jinghe catchment," n.d.). 
 Agriculture is highly developed in the Jinghe catchment. Two major crops grown in the 
Jinghe catchment are corn and winter wheat. The dominant soil type in the catchment is 
Loessial soil (Huangmian soil) which occupies most of the catchment. 
 
Figure 1. The Jinghe catchment. 
3.2  AnnAGNPS Model Description 
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 AnnAGNPS is a continuous-simulation, daily time step and watershed-scale model 
developed to evaluate non-point source pollutant from agricultural watersheds and was based 
originally on the single-event model AGNPS (Bingner and Theurer, 2001). 
 AnnAGNPS mainly simulates surface and subsurface runoff, sediments and nutrients 
loadings exiting from agricultural fields through drainage channels. With the use of the model, 
the watershed could be subdivided into homogenous drainage areas (cells) by GIS regarding 
to soil type, land use type and land management information. These generated drainage areas 
are hydrologic boundaries which are more specific than the original square grid cells of 
AGNPS (Bingner et al., 2007). From individual cells, runoff and loadings can be predicted 
from precipitation events that include rainfall, snowmelt and irrigation. 
 In this study, the required input data for running AnnAGNPS include topography data, 
land use and management data, soil data and climate data.  
3.2.1  Topography Data 
 A 90 m × 90 m Digital Elevation Model (DEM) of the Jinghe catchment was acquired 
from the Loess Plateau Data Center (LPDC, 2000). It was the required input data for running 
the TOPAGNPS program which is one of the components of AnnAGNPS. More detailed, the 
DEM was used to identify the topographic information, define surface drainage channels 
described as reaches and subdivide watersheds into multiple subareas along the channels 
described as cells.The size of the cell depends on two parameters, the Critical Source Area 
(CSA) and the Minimum Source Channel Length (MSCL). The CSA is defined as the 
minimum upstream drainage area above which a source channel is maintained. The MSCL is 
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the minimum acceptable length of the cell for the source channel to exist. As the CSA 
increases, the density of the drainage area decreases, and as the MSCL increases, short source 
channels are eliminated. In this study, considering the scale of REMM, the divided drainage 
area (cell area) should not be very large; however, in order to avoid the time-consuming 
problem of running the models, the number of divided cells should not be too many. A CSA 
of 1000 ha and a MSCL of 2000 m were selected to divide the cells of the Jinghe catchment. 
These values led to dividing the catchment into 4290 cells with the average cell area of 
around 1050 ha. 
3.2.2  Land Use and Management Data 
 The land use data was obtained from the LPDC (2006). The classification of this land use 
data is specific and complex, however, most of the land use types have little impact on 
producing runoff and sediments. In the Jinghe catchment, two typical deciduous trees willows 
and poplars constitute most non-agricultural areas. Corn and winter wheat are the dominant 
crop types in arable areas. As a result, to simplify various original land use classifications and 
to represent the condition of the Jinghe catchment, there were a total of four land use types 
reclassified: "Deciduous forest", "Corn", "Winter wheat" and "Developed". The reclassified 
land use map is shown in Figure 2. 
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Figure 2. Reclassified land use types. 
 The land management information includes tillage, fertilizer, seeding and harvesting 
which was obtained from the Revised Universal Soil Loss Equation (RUSLE) database 
provided by Natural Resources Conservation Service (NRCS) (Theurer and Cronshey, 1998). 
For the 'Corn' and the 'Winter wheat' land use types, the detailed management operations are 
listed in Table 1 and Table 2, respectively. 
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Table 1. Jinghe catchment management operations of corn for AnnAGNPS. 
 
Table 2. Jinghe catchment management operations of winter wheat for AnnAGNPS. 
3.2.3  Soil Data 
 The soil data were obtained from LPDC (1990). In these soil data, 10 major soil types 
were classified. For easy identification, each soil type was given an abbreviation. The soil 
types and their abbreviations are: Red soil (HT), Rhogosol (CGT), Aquic soil (CT), Fluvent 
soil (XJT), Huang mian soil (HMT), Light brown earth (DZR), Heilu soil (HLT), Cinnamon 
soil (HET), Solonchak (YT), Aeolian sand soil (FST). 
 For each soil type, AnnAGNPS requires data of different physical and chemical 
properties for all soil layers. These properties include layer number, layer depth, bulk density, 
clay, silt, sand, rock and very fine sand ratio, CaCO3 content, saturated conductivity, field 
Date (month/day) Event 
11/1 
4/10 
5/1 
5/10 
6/10 
10/20 
Tillage 
Fertilizer 
Tillage 
Seeding 
Fertilizer 
Harvesting 
Date (month/day) Event 
10/11 
10/13 
3/10 
7/1 
Tillage 
Seeding 
Fertilizer 
Harvesting 
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capacity, wilting point, pH and organic matter ratio. The data of soil properties were obtained 
from China Soil Database (CSD, 2005). Detailed soil types and properties are shown in 
Appendix A. 
3.2.4  Climate Data 
 The AnnAGNPS required daily climate data consisting of maximum and minimum air 
temperatures, precipitation, dew point temperature, sky cover or solar radiation, and wind 
speed. 
 Due to the large site spatial variation of the Jinghe catchment, four climate stations 
(HUNGTE, PINGLIANG, XIFENGZHEN and CUIMU) were selected to generate the 
climate input files. Except for solar radiation data, all other climate data were available at the 
four climate stations and were obtained from National Oceanic and Atmospheric 
Administration (NOAA, 2010). From OpenEI Datasets (OpenEI, 2014), daily solar radiation 
data for three cities (Yulin, Lanzhou and Baoji) located in the Jinghe catchment were 
obtained. Daily solar radiation data for the four climate stations were generated from the data 
for the three cities using the inversed distance weighting method. 
 Using the Thiessen Polygon method in ArcGIS, the Jinghe catchment was divided into 
four polygons, where each polygon contains one climate station. Any AnnAGNPS cells 
within the same polygon used the climate data for the station in that polygon. 
 All the climate data were selected for the historical period from January 1973 to 
December 1977. The historical climate data were further processed to  daily typical climate 
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data of one typical meteorological year (showing as "1973") using the climate generation 
models preGEM and agGEM provided by USDA (Richardson & Wright, 1984). As an 
example, Figure 3 shows daily maximum and minimum air temperatures and precipitation of 
the typical meteorological year of the CUIMU climate station. All daily climate data for the 
four climate stations are shown in Appendix B. 
 
Figure 3. Daily max and min air temperatures and precipitation of CUIMU station. 
3.2.5  AnnAGNPS Output 
 The AnnAGNPS output data include runoff, sediments and nutrients loadings on a daily, 
monthly or yearly basis. Output parameters can be specified for any user designated 
watershed source location such as specific cells and reaches (Bingner et al., 2003). In this 
study, daily output data of runoff depth, sediments and nutrients yields for each cell were 
obtained and used as the upland input data for REMM. 
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3.3  REMM Model Description 
 The Riparian Ecosystem Management Model (REMM) (Lowrance et al., 2000) is a 
model developed by USDA-ARS to simulate surface and subsurface hydrology, movement 
and deposition of sediment, dynamics of carbon, nitrogen and phosphorus and the growth of 
vegetation at a field scale (Altier et al., 2002). It was designed for the purpose of assessing 
alternative management practices for riparian buffer areas for effectively controlling 
non-point source pollutant. The management options simulated in REMM include width and 
length of buffer zones, vegetation type and biomass harvesting in buffer zones. 
 The riparian ecosystem characterized in the model consists of three buffer zones parallel 
to the stream (Figure 4). Water movement and nutrient dynamics are simulated through a 
litter layer and three soil layers characterized in each zone (Lowrance et al., 2000). 
 
Figure 4. Three buffer zones (zone 3, zone 2 and zone 1) parallel to the stream. Retrieved from 
https://www.geocaching.com. Copyright 2000-2018 Groundspeak, Inc. In the public domain. 
 Required input data for REMM include climate data, upland field loadings, buffer 
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structure parameters and vegetation data for each buffer zone. 
 The climate data for REMM were the same as the climate data for AnnAGNPS. As 
mentioned before, four climate stations distributed in the Jinghe catchment were selected and 
all the cells were assigned with climate data based on the distribution of four climate stations. 
The upland field loadings include surface and subsurface runoff depth, sediment loading, 
fraction of clay, silt, sand, small and large aggregate in sediment, carbon, nitrogen, 
phosphorus and ammonium as well as their ratios in rainfall, sediment, surface and 
subsurface runoff. The upland field loadings were obtained from the outputs of AnnAGNPS 
by running AnnAGNPS for each cell for one year. The buffer structure parameters and 
vegetation data for each zone could be designed using the Buffer editor and the Vegetation 
editor which are parts of the components of REMM. For the buffer structure parameters, two 
major parameters "buffer width" and "vegetation type" were designed and modified for each 
zone. For the vegetation data, default value for the most basic information on vegetation such 
as the percent area covered in each zone and the dry weight of different plant organs were 
used (Lowrance et al., 2000). 
3.3.1  Buffer Widths and Vegetation Types 
 To evaluate the effectiveness of riparian buffers on reducing sediments and nutrients, 
five designs of the riparian buffer with different buffer widths and vegetation types were used 
in the study. 
 According to Lawrance et al. (2000), REMM allows for simulating the growth of 
vegetation in an upper and a lower canopy, and according to Hawes and Smith (2005), 
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buffers containing a mix of grasses and trees are more effective in reducing pollutant. 
Moreover, following the suggestions of USDA (Welsch, 1991) on buffer width design, the 
standard design (Design 1) was constructed with 20 m herbaceous perennials, 20 m 
harvestable deciduous upper canopy forests and 10 m non-harvestable deciduous upper 
canopy forests for zones 3 (next to the field), 2 (zone in the middle) and 1 (next to the river), 
respectively (Figure 2). 
 In China, relatively small per capita land area calls for testing the effectiveness of 
narrower riparian buffers. In this study, Design 2 was conducted by taking out zone 3 and 
Design 3 was conducted by taking out zone 2 from the standard design. For Design 4 and 5, 
the vegetation types were kept the same and the widths of zone 3 and zone 2 were further 
reduced by 50% from Design 2 and 3. In all the designs, zone 1 was kept as a 10m 
non-harvestable deciduous upper canopy. Table 3 shows the details of zone width of the 5 
designs. Table 4 shows the details of vegetation types of the 5 designs. 
Table 3. Zone width of the 5 designs of the riparian buffer zones. 
Riparian buffer zones Design 1 Design 2 Design 3 Design 4 Design 5 
Zone 3 20 m 0 m 20 m 0 m 10 m 
Zone 2 20 m 20 m 0 m 10 m 0 m 
Zone 1 10 m 10 m 10 m 10 m 10 m 
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Table 4. Vegetation types of the 5 designs of the riparian buffer zones. 
Riparian 
buffer zones 
Design 1 Design 2 Design 3 Design 4 Design 5 
Zone 3 herbaceous 
perennials 
 herbaceous 
perennials 
 herbaceous 
perennials 
Zone 2 harvestable 
deciduous 
upper canopy 
forests 
harvestable 
deciduous 
upper canopy 
forests 
 harvestable 
deciduous 
upper canopy 
forests 
 
Zone 1 non-harvestable 
deciduous 
upper canopy 
forests 
non-harvestable 
deciduous 
upper canopy 
forests 
non-harvestable 
deciduous 
upper canopy 
forests 
non-harvestable 
deciduous 
upper canopy 
forests 
non-harvestable 
deciduous 
upper canopy 
forests 
 
3.3.2  REMM Inputs 
 REMM requires non-zero inputs for all 3 zones to run. In our simulations, for Design 2, 
the width for zone 3 and zone 2 were set as 10 m and 10 m harvestable deciduous upper 
canopy forests. Similarly, for Design 3, the width for zone 3 and zone 2 were set as 10 m and 
10 m herbaceous perennials. Design 4 and 5 were set in a similar way, with reduced widths. 
Details are shown in Table 5 and Table 6.  
Table 5. Zone width of the 5 designs of the riparian buffer zones set in REMM. 
Riparian buffer zones Design 1 Design 2 Design 3 Design 4 Design 5 
Zone 3 20 m 10 m 10 m 5 m 5 m 
Zone 2 20 m 10 m 10 m 5 m 5 m 
Zone 1 10 m 10 m 10 m 10 m 10 m 
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Table 6. Vegetation types of the 5 designs of the riparian buffer zones set in REMM. 
Riparian 
buffer zones 
Design 1 Design 2 Design 3 Design 4 Design 5 
Zone 3 herbaceous 
perennials 
harvestable 
deciduous 
upper canopy 
forests 
herbaceous 
perennials 
harvestable 
deciduous 
upper canopy 
forests 
herbaceous 
perennials 
Zone 2 harvestable 
deciduous 
upper canopy 
forests 
harvestable 
deciduous 
upper canopy 
forests 
herbaceous 
perennials 
harvestable 
deciduous 
upper canopy 
forests 
herbaceous 
perennials 
Zone 1 non-harvestable 
deciduous 
upper canopy 
forests 
non-harvestable 
deciduous 
upper canopy 
forests 
non-harvestable 
deciduous 
upper canopy 
forests 
non-harvestable 
deciduous 
upper canopy 
forests 
non-harvestable 
deciduous 
upper canopy 
forests 
3.3.3  Input of Upland Loadings 
 REMM runs each cell independently. For each cell, the upland loadings were obtained by 
running AnnAGNPS for each cell for 365 days of the processed typical meteorological year. 
Outputs of upland loadings of AnnAGNPS were then manually imported into REMM. 
3.3.4  Process of Running REMM 
 REMM was run for each cell for 365 days of the typical meteorological year for all five 
designs. REMM provides users with annual, monthly and daily output data. For this study, 
annual outputs of REMM were selected. All outputs for each cell generated from REMM 
were unit-area (per hectare drainage area above the measurement point) data. The unit-area 
output data for each cell were multiplied by the cell area and results were further summed up 
to obtain the total value for the Jinghe catchment. The total value was then divided by the 
total area of the Jinghe catchment to obatin the grand average of output variables of water 
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inflow, sediments and dissolved nitrogen over the whole catchment. 
3.4  Model Testing 
 The models were evaluated on an experimental riparian site at the Gibbs Farm in Tifton, 
Georgia using data published from Yuan et al. (2007). The area of the contributing upland 
field to the riparian site was 0.31 ha. The upland field was mainly cultivated with corn and the 
dominant soil type was Tifton loamy sand. With the use of a 1 arc-sec resolution DEM of a 
small watershed named the Little watershed, a single cell was defined by AnnAGNPS. Then, 
this single cell was assigned with the land use type as corn and the soil type as Tifton loamy 
sand according to the condition of the upland field. The AnnAGNPS outputs of the cell were 
then used as the upland inputs for REMM to simulate the riparian buffer zone. The DEM data 
was obtained from the National Hydrography Dataset (NHD) of United States Geological 
Survey (USGS). The land use data was obtained from the Cropland Data Layer (CDL) of 
USDA. The soil data was obtained from the Soil Survey Geographic (SSURGO) Database of 
USDA. The same climate input data collected at the riparian site were used for both 
AnnAGNPS and REMM. The buffer characteristics of the riparian site were designed by using 
the REMM editors based on the detailed description provided by Inamdar et al. (1999) and 
Sheridan et al. (1999). Finally, the output results of AnnAGNPS and REMM were compared 
with published results. Table 7 shows the AnnAGNPS simulated results compared with the 
published results (Yuan et al., 2007), and table 8 shows the REMM simulated results 
compared with the published results (Yuan et al., 2007). 
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Table 7. AnnAGNPS simulated and published results of surface runoff, sediment loading and nitrate in 
surface runoff 
 Surface runoff (mm) Sediment loading (kg/ha) N in surface runoff (kg/ha) 
AnnAGNPS simulated 229.7 990.6 7.8 
Published 216.9 1236.8 8.5 
 
Table 8. REMM simulated and published results of surface runoff  
 Into zone 3 (mm) Into zone 2 (mm) Into zone 1 (mm) 
REMM simulated 235.6 142.1 85.4 
Published 216.9 141.3 88.0 
 The errors between the published data and the AnnAGNPS simulated results of surface 
runoff, sediment loading and nitrate in surface runoff are 0.06, 0.2 and 0.08 respectively, 
while the errors between the published data and the REMM simulated results of surface 
runoff into zone 3, zone 2 and zone 1 are 0.07, 0.006 and 0.03 respectively. Based on these 
comparisons, both models were considered acceptable for this study. 
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Chapter 4  Results and Discussions 
4.1  Reduction in Water, Sediments and Nitrogen 
 The major output variables of water quality, the total water inflow, total sediment yields 
and total dissolved nitrogen in surface runoff for the whole Jinghe catchment for all five 
designs are shown in Table 9. According to Lowrance et al. (2000), the total dissolved 
nitrogen in surface runoff consists of dissolved organic nitrogen, dissolved NH4 and 
dissolved NO3. 
Table 9. Output variables for all the designs. 
Standard design (Design 1) 
 Total water inflow 
(mm) 
Total sediment yields 
(kg/ha) 
Total dissolved N in surface runoff 
(kg/ha) 
Into 
zone 3 
372.98 1488.48 16.85 
Into 
zone 2 
349.91 279.06 3.05 
Into 
zone 1 
348.89 143.86 1.56 
Out of 
zone 1 
348.37 136.87 1.37 
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Design 2 
Into 
zone 3 
 356.92  1488.48  16.85 
Into 
zone 2 
 356.48  548.18  5.45 
Into 
zone 1 
 355.25  209.82  2.49 
Out of 
zone 1 
 354.29  198.36  2.13 
Design 3 
Into 
zone 3 
372.62 1488.48 16.85 
Into 
zone 2 
356.85 519.39 5.24 
Into 
zone 1 
343.55 197.30 2.26 
Out of 
zone 1 
343.47 188.01 1.91 
Design 4 
Into 
zone 3 
  356.92   1488.48   16.85 
Into 
zone 2 
  354.70   791.25   7.46 
Into 
zone 1 
  353.61   297.01   3.29 
Out of 
zone 1 
  353.19   213.11   2.46 
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Design 5 
Into 
zone 3 
373.47 1488.48 16.85 
Into 
zone 2 
364.04 766.84 7.15 
Into 
zone 1 
356.36 287.16 3.22 
Out of 
zone 1 
356.16 212.04 2.32 
 
4.1.1  Total Water Inflow 
 For the standard design, the annual total water inflow goes into zones 3, 2, and 1 and out 
of zone 1 for the whole Jinghe catchment are shown in Figure 5. The reduction of water 
inflow through the riparian buffer zones over the whole catchment is 24.61 mm with the 
reduction rate of 6.6%. The reduction of water is low because of the saturation of soil. 
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Figure 5. Annual total water inflow into zone 3, 2, 1 and out of zone 1 for the whole Jinghe catchment for 
the standard design. 
 
4.1.2  Sediments and Dissolved Nitrogen in Surface Runoff 
 For the standard design, taking sediment as example, curve of daily sediment yields for 
the whole Jinghe catchment is shown in Figure 6, distribution of annual total sediment yields 
for the whole Jinghe catchment is shown in Figure 7. In Figure 6, daily sediment is high at 
the days with high precipitation comparing with the climate data. In Figure 7, annual 
sediment yield is high in areas cultivated with corn and winter wheat comapring with the land 
use data. 
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Figure 6. Daily total sediment yields for the whole Jinghe catchment for the standard design. 
 
 
Figure 7. Distribution of annual total sediment yields for the whole Jinghe catchment for the standard 
design. 
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 In riparian buffers, trees and grasses help to trap sediments by slowing down the runoff 
from upland, making the sediment to settle out (Isenhart & Tidman, 1999). Plants in riparian 
buffers are able to maintain nitrogen by having denitrifying bacteria on the roots. The 
denitrification process is innocuous which allows the excess nitrogen be used by the 
vegetation of the riparian buffer rather than enter the river (Allan & Castillo, 2007). 
 For the standard design, annual total sediment yields and annual total dissolved nitrogen 
in surface runoff flow into zones 3, 2, and 1 and out of zone 1 for the whole Jinghe catchment 
are shown in Figures 8 and 9. Annual total reduction of sediment yields through the buffer 
zones for the whole catchment is around 6.02 million tonnes with the reduction rate of 90.8%, 
while annual total reduction of dissolved nitrogen in surface runoff is around 0.07 million 
tonnes of a rate of 91.9%. 
 With the reduction results, more than 90% of the sediments and dissolved N were 
reduced by the designed riparian buffers. The effectiveness of the standard design of riparian 
buffers is considered to be great for the whole Jinghe catchment. 
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Figure 8. Annual total sediment yields into zone 3, 2, 1 and out of zone 1 for the whole Jinghe catchment 
for the standard design. 
 
 
Figure 9. Annual total dissolved N in surface runoff into zone 3, 2, 1 and out of zone 1 for the whole 
Jinghe catchment for the standard design. 
4.2  Effect of Reducing Numbers of Zones 
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 The effect of reducing the number of zones on removing sediments and nutrients was 
estimated by comparing designs 2 and 3 with the standard design (Figure 10 and 11). When 
taking out zone 3 (Design 2) and zone 2 (Design 3) respectively from the standard design, the 
reduction of sediments and nitrogen for Design 2 is around 5.75 million tonnes and 0.066 
million tonnes with the rate of 86.7% and 87.4% respectively. The reduction of sediments 
and nitrogen for Design 3 is about 5.8 million tonnes and 0.067 million tonnes with the rate 
of 87.4% and 88.7%, respectively. For the whole catchment, the reduction is quite high which 
indicates that reducing the number of zones is still effective in removing sediments and 
dissolved N, and it is a feasible way to save lands by taking out one zone without much 
impacting the effectiveness of riparian buffers. 
 
Figure 10. Comparison of reduction of total sediment yields between standard design, Design 2 and 3. 
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Figure 11. Comparison of reduction of total dissolved nitrogen in surface runoff between standard design, 
Design 2 and 3. 
4.3  Effect of Zone Width 
 Within the same zone number, the efficiency in reducing sediments and nitrogen of 
riparian buffers with different zone width was compared and analyzed (Figure 12, 13, 14 and 
15). Reducing the zone width to half (10 m) based on designs 2 and 3, designs 4 and 5 show 
more desirable results. The reduction of sediments and nitrogen for Design 4 is around 5.68 
million tonnes and 0.064 million tonnes with the rate of 85.7% and 85.4% respectively, while 
the reduction of sediments and nitrogen for Design 5 is about 5.69 million tonnes and 0.065 
million tonnes with the rate of 85.8% and 86.2% respectively. The reduction rate of 
sediments for designs 4 and 5 is only 1% and 1.6% lower than designs 2 and 3, while the 
reduction rate of nitrogen is only 2% and 2.5% lower. 
 With this performance, reducing the width of zone 3 and zone 2 to 10 m is proved to be 
47 
 
acceptable and a buffer with total width of 20 m (zone 3 or 2 and zone 1) is effective in 
reducing sediments and dissolved N. In this study, designs 4 and 5 are more desirable 
because they are more economic in saving lands for growing more crops in agricultural areas. 
It is suggested to manage a riparian buffer referring to designs 4 and 5. 
 
Figure 12. Comparison of reduction of total sediment yields between standard design, Design 2 and 4. 
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Figure 13. Comparison of reduction of total dissolved nitrogen in surface runoff between standard design, 
Design 2 and 4. 
 
 
Figure 14. Comparison of reduction of total sediment yields between standard design, Design 3 and 5. 
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 Figure 15. Comparison of reduction of total dissolved nitrogen in surface runoff between standard 
design, Design 3 and 5. 
 
4.4  Effect of Vegetation Types 
 In this study, the effect of vegetation types on reducing sediments and nitrogen was 
assessed by comparing designs 2 and 3 and designs 4 and 5. The difference in reduction of 
sediments and nitrogen between designs 2 and 3 was around 50,000 tonnes and 980 tonnes, 
respectively, while the difference in the reduction of sediments and nitrogen between designs 
4 and 5 was around 4800 tonnes and 670 tonnes, respectively. For the whole catchment, 
between vegetation types, the difference of reduction of sediments and nitrogen is small 
considering the total reduction. Vegetation type has little impact on the effectiveness of 
riparian buffers. 
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Chapter 5  Summary and Conclusions 
 This study evaluated the impact on water quality by converting riverside crop fields to 
riparian buffer zones in the Jinghe catchment using two hydrologic models, AnnAGNPS and 
REMM. AnnAGNPS was used to divide the Jinghe catchment into 4290 homogeneous 
drainage areas and simulate water, sediment and dissolved N from upland fields for each 
drainage area for 365 days. The AnnAGNPS simulated upland loadings were then used as 
inputs for REMM to calculate annual total of water inflow, sediment and dissolved N in 
surface runoff in riparian buffers. Five designs of riparian buffers with different zone 
numbers, zone widths and vegetation types were simulated. The reduction of water, sediment 
and nitrogen through the riparian buffers were calculated for each design. Comparisons were 
made to estimate the effectiveness of different riparian buffers and indicate the suggested 
designs of riparian buffers. 
 For the whole Jinghe catchment, depending on buffer width, the simulations indicated 
that the annual total reduction of sediment yields ranged from 1275.37 kg/ha to 1351.61 
kg/ha and the reduction rate ranged from 85.7% to 90.8%. The annual total reduction of 
dissolved nitrogen in surface runoff ranged from 14.39 kg/ha to 15.48 kg/ha, and the 
reduction rate ranged from 85.4% to 91.9%. It is acceptable to reduce buffer width by taking 
out one zone without much impacting the effect of riaprian buffers. Further reducing the 
width of zone 3 or zone 2 to half also proved to be acceptable. A buffer with total width of 20 
m (zone 3 or 2 plus zone 1) is effective in reducing sediments and nutrients and is more 
economical in saving lands for growing more crops. Between vegetation types, the difference 
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of reduction of sediments and nitrogen is small. 
 The results of this study indicated that riparian buffer zones are highly effective in 
reducing sediments and nutrients in agricultural runoff. Converting riverside crop fields to 
riparian buffers has potential in improving surface water quality for watersheds, while 
providing a new way of land use for economic benefits. The results of this study are 
anticipated to be helpful in guiding land use changes in restoring ecosystems and promoting 
sustainability by preventing water pollution from agricultural fields. 
Suggestions on Future Studies 
 For future studies, AnnAGNPS is a suitable upland model to directly provide required 
upland input data for riparian buffer model. REMM is an appropriate model for riparian 
buffer simulation and prediction. For watershed scale simulation, AnnAGNPS properly 
divides the watershed into homogeneous drainage areas and makes it possible for REMM to 
simulate at field scale. Using AnnAGNPS and REMM is an applicable way for large scale 
riparian buffer simulations. However, for large watersheds, it is time-consuming because 
there has not yet been an automatic procedure importing AnnAGNPS outputs into REMM. It 
is recommended that a built-in function be developed for antomatically importing the 
AnnAGNPS output variables into REMM and processing the models. 
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APPENDICES 
 
Appendix A. Soil types and properties 
 
 
 
 
 
Soil 
Type 
Layer 
Number 
Layer 
Depth 
Bulk 
Density 
Clay 
Ratio 
Silt 
Ratio 
Sand 
Ratio 
Rock 
Ratio 
Very Fine 
Sand Ratio 
CaCO3 
Content 
Saturated 
Conductivity 
Field 
Capacity 
Wilting 
Point 
pH 
Organic 
Matter 
Ratio 
CGT 1 7.87 89.89 0.37 0.27 0.36 0 0 0 1.3 0.29 0.2 6.8 0.016 
CGT 2 21.65 114.86 0.56 0.23 0.21 0 0 0 0.13 0.35 0.2 5.6 0.016 
CGT 3 47.24 125.48 0.39 0.29 0.32 0 0 0 0.13 0.28 0.2 7.2 0.016 
HT 1 9.05 94.89 0.12 0.39 0.49 0 0 0 1.3 0.3 0.2 6.4 0.0242 
HT 2 16.53 111.12 0.12 0.39 0.49 0 0 0 0.33 0.34 0.2 6.4 0.0242 
HT 3 35.83 114.87 0.14 0.38 0.48 0 0 0 0.33 0.32 0.2 6.4 0.0242 
HT 4 43.31 124.23 0.14 0.38 0.48 0 0 0 0.33 0.3 0.2 6.2 0.0242 
CT 1 5.9 89.9 0.09 0.09 0.82 0 0 0 1.3 0.28 0.2 8.5 0.0072 
CT 2 13 112.99 0.05 0.08 0.87 0 0 0.04 0.13 0.33 0.2 8.8 0.0072 
CT 3 39.37 126.1 0.06 0.08 0.86 0 0 0.08 0.13 0.29 0.2 8.8 0.0072 
XJT 1 3.94 89.9 0.08 0.4 0.52 0 0 0 1.3 0.28 0.2 5.6 0.005 
XJT 2 11.81 112.99 0.07 0.34 0.59 0 0 0 0.13 0.33 0.2 5.6 0.005 
XJT 3 70.87 126.1 0.04 0.24 0.72 0 0 0 0.13 0.29 0.2 5.7 0.005 
DZR 1 7.87 103.63 0.15 0.38 0.47 0 0 0 1.3 0.36 0.2 6 0.06 
DZR 2 16.93 111.12 0.19 0.3 0.51 0 0 0 0.4 0.33 0.2 5.5 0.06 
DZR 3 27.56 114.87 0.17 0.28 0.55 0 0 0 0.4 0.34 0.2 6.5 0.06 
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HLT 1 7.87 94.89 0.17 0.39 0.44 0 0 0 1.3 0.3 0.2 7.8 0.0265 
HLT 2 21.65 111.12 0.13 0.37 0.5 0 0 0 0.33 0.34 0.2 7.9 0.0265 
HLT 3 32.28 114.87 0.16 0.34 0.5 0 0 0.05 0.33 0.32 0.2 8 0.0265 
HLT 4 45.27 124.23 0.17 0.32 0.51 0 0 0.1 0.33 0.3 0.2 8.2 0.0265 
HET 1 7.48 106.13 0.24 0.63 0.13 0 0 0 1.3 0.36 0.2 7.5 0.0086 
HET 2 9.84 112.37 0.27 0.67 0.06 0 0 0.01 0.33 0.31 0.2 7.7 0.0086 
HET 3 25.59 117.36 0.3 0.66 0.04 0 0 0.02 0.33 0.29 0.2 7.9 0.0086 
HET 4 47.24 120.49 0.28 0.68 0.04 0 0 0.03 0.33 0.21 0.2 8 0.0086 
FST 1 9.45 89.9 0.015 0.005 0.98 0 0 0 1.3 0.28 0.2 7.2 0.004 
FST 2 19.67 112.99 0.01 0.01 0.98 0 0 0 0.13 0.33 0.2 7.5 0.004 
FST 3 39.37 126.1 0.003 0.137 0.86 0 0 0 0.13 0.29 0.2 7.7 0.004 
YT 1 1.97 94.89 0.1 0.45 0.45 0 0 0 1.3 0.3 0.2 8.5 0.01 
YT 2 7.87 111.12 0.1 0.57 0.33 0 0 0 0.33 0.34 0.2 8.7 0.01 
YT 3 19.68 114.87 0.1 0.57 0.33 0 0 0 0.33 0.32 0.2 8.9 0.01 
YT 4 39.37 124.23 0.07 0.13 0.8 0 0 0 0.33 0.3 0.2 9.1 0.01 
HMT 1 4.33 100 0.1 0.36 0.54 0 0 0 0.5 0.24 0.2 7.5 0.01 
HMT 2 13.78 110 0.11 0.34 0.55 0 0 0.05 0.5 0.26 0.2 8 0.01 
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Appendix B1. Daily climate data of HUNGTE station 
Month Day Year Max Air 
Temperature 
Min Air 
Temperature 
Precipitation Dew 
Point 
Sky 
Cover 
Wind 
Speed 
Solar 
Radiation 
 
1 1 1973 2.74 1.12 0 2.12 87.6 0.57 68.75 
1 2 1973 6.74 -2.48 0 -2.36 57.6 2.71 111.74 
1 3 1973 4.04 -2.94 0 -6.19 75 3.15 91.8 
1 4 1973 0.92 -6.47 0 -10.06 67.1 3.01 103.51 
1 5 1973 5.14 -9.52 0 -12.66 60.8 2.08 111.78 
1 6 1973 7.16 -11.5 0 -17.24 55.3 1.56 118.83 
1 7 1973 1.56 -8.63 0.51 -9.02 89.3 2.86 68.79 
1 8 1973 -1.26 -2.62 3.05 -8.41 97.5 2.26 46.77 
1 9 1973 9.72 -6.25 0 -15.35 72.3 2.5 99.7 
1 10 1973 5.42 -5.55 0 -13.98 69.8 4.72 103.73 
1 11 1973 0.49 -9.66 0 -13.84 84.2 1.96 81.35 
1 12 1973 -5.04 -9.11 0 -14.12 75 3.27 97.42 
1 13 1973 -4.79 -13.12 0 -22.77 87.9 2.02 75.42 
1 14 1973 -6.57 -13.71 0 -20.56 86.2 2.54 79.34 
1 15 1973 -4.36 -16.41 0 -20.28 62.7 1.86 117.15 
1 16 1973 -3.41 -13.13 0 -20.33 70.4 2.22 107.61 
1 17 1973 -3.12 -12.09 0 -15.32 79.5 0.76 93.54 
1 18 1973 -1.69 -13.07 0 -13.03 77.5 1.12 97.31 
1 19 1973 1.11 -17.26 0 -19.57 57 0.76 127.45 
1 20 1973 2.47 -13.75 0 -16.81 47.9 2.28 137.82 
1 21 1973 3.24 -14.15 0 -19.1 24.5 2.11 157.49 
1 22 1973 1.89 -9.96 0 -7.58 71.6 1.59 109.25 
1 23 1973 3.29 -8.99 0 -8.89 79.2 0.9 97.65 
1 24 1973 5.46 -7.4 0 -7.9 60.6 1.18 126.47 
1 25 1973 5.13 -10.17 0 -12.3 66.1 2.82 120.92 
1 26 1973 3.67 -12.01 0 -18.59 69.3 3.63 118.15 
1 27 1973 7.68 -11.83 0 -17.66 39.9 1.08 153.95 
1 28 1973 3.01 -9.98 0 -15.85 67.1 3.12 123.24 
1 29 1973 -3.35 -8.74 0.51 -4.63 95.7 0.79 61.73 
1 30 1973 1.53 -14.22 0 -9.08 66.5 1.51 125.34 
1 31 1973 3.36 -15.51 0 -11.03 52.1 1.38 145.92 
2 1 1973 0.24 -11.45 0 -1.72 93.5 2.75 70.23 
2 2 1973 -4.27 -9.49 0 -2.54 94.4 2.58 68.2 
2 3 1973 -0.54 -10.72 0 -9.87 72.3 1.28 120.99 
2 4 1973 2.01 -5.26 0 -6.54 80.2 2.9 106.49 
2 5 1973 -3.55 -5.51 0 -11.87 90.5 5.3 83.54 
2 6 1973 -5.51 -11.63 0 -12.63 84.6 2.39 99.74 
2 7 1973 1.71 -15.63 0 -15.4 61 2.56 144.92 
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2 8 1973 0.84 -13.38 0 -17.32 77.5 2.5 117.98 
2 9 1973 1.53 -16.33 0 -24.18 50.3 3.56 163.4 
2 10 1973 -0.86 -13.39 0 -22.61 74.6 4.48 126.82 
2 11 1973 -2.22 -15.51 0 -24.79 46.3 2.67 171.67 
2 12 1973 5.09 -12.13 0 -21.07 47.4 2.58 171.6 
2 13 1973 3.5 -13.01 0 -20.03 55.9 3.79 162.07 
2 14 1973 0.37 -10.98 0 -18.31 82.8 2.64 113.3 
2 15 1973 -1.61 -15.02 0 -20.43 70.9 1.63 140.45 
2 16 1973 0.69 -16.45 0 -22.51 75.3 1.62 133.21 
2 17 1973 0.99 -17.23 0 -17.93 64.4 1 154.75 
2 18 1973 6.39 -13.68 0 -12.03 71.4 0.92 142.6 
2 19 1973 7.07 -8.91 0 -10.42 63.8 2.47 157.65 
2 20 1973 1.93 -5.42 0 -9.36 74.7 2.94 138.14 
2 21 1973 -5.42 -10.28 0 -8.05 79.4 2.05 128.61 
2 22 1973 -3.72 -9.97 0 -8.53 82.1 2.03 123.19 
2 23 1973 -2.47 -10.86 0 -9.8 89.4 2.24 103.54 
2 24 1973 -2.32 -8.21 0 -15.13 83.8 3.43 122.06 
2 25 1973 -2.8 -12.84 0 -19.83 86.7 1.94 115.11 
2 26 1973 2.62 -13.99 0 -19.46 67.4 1.19 163.73 
2 27 1973 3.61 -14.27 0 -20.25 64.6 3.68 170.88 
2 28 1973 4.24 -13.56 1.02 -15.58 71.4 1.15 158 
3 1 1973 8.36 -4.74 0.25 -12.78 69.9 1.15 162.36 
3 2 1973 12.17 -9.89 0 -15.44 57.9 2.64 187.56 
3 3 1973 12.03 -3.03 0 -10.11 76.3 2.3 150.02 
3 4 1973 12.06 -3.57 0 -15.43 45 3.55 211.49 
3 5 1973 11.75 -6.68 0 -15.45 40.1 3.97 220.18 
3 6 1973 10.03 -4.41 0 -12.53 69.2 4.8 171.65 
3 7 1973 7.96 -6.57 0 -16.7 65 2.88 183.07 
3 8 1973 8.63 -6.12 0 -13.84 78.9 3.87 151.23 
3 9 1973 11.9 -7.91 0 -16.71 55 2.23 205.83 
3 10 1973 5.44 -6.44 0.76 -9.21 70.3 2.78 174.87 
3 11 1973 4.84 -4.77 1.52 -6.68 84.7 2.39 136.22 
3 12 1973 10.15 -10.33 0 -16.19 61.7 4.16 198.43 
3 13 1973 3.64 -6.88 0.51 -6.66 86.2 2.07 133.75 
3 14 1973 8.86 -8.34 0 -13.7 80 1.57 156.1 
3 15 1973 7.05 -10.89 0 -14.36 67 1.93 191.91 
3 16 1973 11.42 -5.37 0 -9.88 61.1 2.97 205.44 
3 17 1973 12.67 -5.16 0 -15.93 69 2.41 190.58 
3 18 1973 9.67 -6.39 1.02 -11.31 81.2 3.63 157.5 
3 19 1973 14.43 -13.61 0 -22.98 36 1.3 256.53 
3 20 1973 15.22 -9.89 0 -16.81 38.1 1.87 254.49 
3 21 1973 14.23 -0.34 0 -7.3 68.2 1.21 197.05 
62 
 
3 22 1973 14.53 -2.63 0 -2.12 62.1 2.22 210.77 
3 23 1973 10.56 -2.11 0 -8.16 82.3 2.82 159.64 
3 24 1973 8.68 -7.02 0 -10.07 72.3 2.61 191.73 
3 25 1973 7.66 -5.15 0 -2.71 76 4.2 180.36 
3 26 1973 10.74 -0.73 0 -2.08 74.8 1.79 185.19 
3 27 1973 12.72 3.51 0 -4.42 80.7 4.23 169.02 
3 28 1973 8.31 -3.05 0 -5.29 80.9 2.65 169.83 
3 29 1973 7.96 -0.33 0 2.4 76.3 3.43 182.89 
3 30 1973 14.86 6.34 0 16.74 84.9 2.64 146.01 
3 31 1973 15.37 8.98 0 10.09 79.2 3.72 171.84 
4 1 1973 8.98 1.38 0 1.57 82.3 2.17 167.63 
4 2 1973 5.75 -3.94 0 -11.01 78.4 1.62 186.31 
4 3 1973 9.2 -8 0 -15.71 75 3.53 199.51 
4 4 1973 6.34 -9.34 0 -15.37 81.5 1.36 178.66 
4 5 1973 12.56 -10.26 0 -18.84 63.5 2.44 235.38 
4 6 1973 14.07 -6.26 0 -11.03 59 1.03 245.96 
4 7 1973 18.73 0.01 8.64 -2.07 58.8 0.32 244.55 
4 8 1973 16.89 1.99 0 -4.01 65.3 2.89 230.74 
4 9 1973 11.42 -0.06 0 -7.33 69.5 3.09 221.86 
4 10 1973 13.93 1.41 0 -1.27 74.7 0.99 205.18 
4 11 1973 11.86 1.74 0 3.39 74.9 2.4 203.24 
4 12 1973 13.87 0.32 0 -1.34 84.6 2.7 171.86 
4 13 1973 12.26 4.37 0 2.94 70.8 2.67 218.63 
4 14 1973 14.11 0.82 0 2.46 77.6 3.2 198.46 
4 15 1973 11.01 -0.67 0 -3.97 81.1 3.02 189.8 
4 16 1973 12.24 -5.78 0 -14.37 60 3.61 259.45 
4 17 1973 16.84 -4.4 0 -12.12 51.9 1.32 279.54 
4 18 1973 15.28 -1.87 0 -9.81 76 2.36 213.19 
4 19 1973 18.24 0.81 0 -2.56 66.2 0.35 242.46 
4 20 1973 18.17 -0.78 0 -6.63 65.2 2.11 248.47 
4 21 1973 19.18 2.07 0 -5.69 69.1 3.78 237.89 
4 22 1973 19.39 5.09 0 1.8 60.8 2.52 258.44 
4 23 1973 23.35 5.29 0 3.19 53.4 0.1 276.63 
4 24 1973 18.46 4.89 0 2.11 72 4.41 228.2 
4 25 1973 17.74 2.12 0 -2.7 75.2 3.15 220.88 
4 26 1973 19.37 2.44 0 -2.46 69.7 1.93 239.97 
4 27 1973 17.66 4.59 0 1.39 64.4 0.09 254.87 
4 28 1973 22.81 -0.31 0 -4.91 62.4 1.27 265.05 
4 29 1973 19.79 4.96 0 -1.73 76.9 2.61 218.31 
4 30 1973 17.51 2.58 0 -5.28 64.4 3.85 261.54 
5 1 1973 18.29 2.67 2.54 0.82 71 2.3 239.2 
5 2 1973 20.33 2.17 0 -4.83 66.7 2.97 256.55 
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5 3 1973 16.13 1.01 0 -1.86 59 3.92 278.05 
5 4 1973 23.57 5.72 0 0.88 66.9 2.59 254.76 
5 5 1973 20.41 3.2 0 -9.4 56.4 2.66 290.49 
5 6 1973 22.52 4.32 0 -4.26 48.4 5.17 308.34 
5 7 1973 22.74 4.96 0 -1.18 71.3 2.88 244.62 
5 8 1973 17.22 3.36 0 1.83 76 2.17 227.09 
5 9 1973 21.94 7.1 8.13 7.19 74.2 1.62 230.72 
5 10 1973 14.06 11.13 3.81 9.27 88.4 3.44 170.79 
5 11 1973 16.33 7.53 5.33 8.82 87.5 1.67 176.1 
5 12 1973 23.63 6.64 0 4 60.7 4.23 277.64 
5 13 1973 26.86 9.72 0 6.01 59.2 4.84 280.95 
5 14 1973 20.52 13.61 0 9.88 83.8 4.32 193.84 
5 15 1973 13.61 10.72 1.78 9.11 90.1 2.49 164.25 
5 16 1973 20.27 8.27 0 7.29 74.8 5.25 233.03 
5 17 1973 19.44 2.68 0 6.64 67.9 2.87 257.81 
5 18 1973 15.04 8.3 0 6.76 80.3 2.6 213.44 
5 19 1973 15.23 5.69 0 5.03 72.8 4.14 243.89 
5 20 1973 19.84 4.01 0 8.38 69.4 2.58 253.21 
5 21 1973 27.03 8.34 0 13.39 68.2 2.14 252.11 
5 22 1973 25.44 11.44 0 5.69 68.2 2.66 260.68 
5 23 1973 22.25 11.26 3.56 13.1 90 4.38 165.23 
5 24 1973 20.15 14.53 4.83 12.37 95.3 2.75 132.9 
5 25 1973 26.23 12.46 0 7.62 74.8 3.95 237.64 
5 26 1973 24.54 11.67 0 10.1 77.5 2.17 225.32 
5 27 1973 23.38 13.29 0 9.1 79.8 0.26 217.66 
5 28 1973 24.91 9.54 0 2.24 61.1 4.73 287.99 
5 29 1973 25.27 11.51 0 2.58 54.8 2.5 305.77 
5 30 1973 30.24 13.95 0 9.56 46.7 2.75 318.38 
5 31 1973 33.26 12.29 0 3.93 49.2 1.38 319.25 
6 1 1973 31.59 10.02 0 4.6 47.7 3.54 322.45 
6 2 1973 24.65 14.57 0 11.33 71.3 3.56 249.52 
6 3 1973 24.49 16.87 2.79 12.62 75.3 4.09 234.14 
6 4 1973 33.32 17.88 0 10.51 67.5 3.55 263.65 
6 5 1973 36.61 19.94 0 14.58 64.1 0.58 269.25 
6 6 1973 33.38 22.03 0 13 77.9 4.26 224.24 
6 7 1973 29.06 18.78 0 14.29 73.4 2.41 239.82 
6 8 1973 27.07 15.16 0 12.96 78.7 2.4 221.7 
6 9 1973 27.56 16.57 0 15.18 68.9 1.47 254.3 
6 10 1973 24.39 18.25 0 16.08 87.1 5.65 181.12 
6 11 1973 23.97 15.19 0 14.78 85.4 1.31 190.99 
6 12 1973 29.83 13.72 0 10.62 65.9 1.27 270.01 
6 13 1973 23.16 12.78 0 11.63 73.8 3.27 242.46 
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6 14 1973 23.84 12.2 0 12.04 75.3 2.05 236.74 
6 15 1973 29.22 8.23 0 7.16 42.2 0.49 335.31 
6 16 1973 31.5 11.21 0 7.11 46.6 3.43 326.03 
6 17 1973 24.29 14.1 8.13 11.11 66.7 3.44 267.64 
6 18 1973 25.28 12.82 1.52 11.87 77.4 2.79 229.04 
6 19 1973 29.55 9.66 0 8.45 51.2 1.77 313.91 
6 20 1973 34.7 12.82 0 9.12 43.6 2.01 330.21 
6 21 1973 31.79 15.87 0 11.94 67.9 3.19 262.61 
6 22 1973 26.4 14.49 0 15.52 81.4 3.26 208.64 
6 23 1973 30.33 16.22 0 12.95 77.6 0.41 226.9 
6 24 1973 29.27 16.35 0 8.89 70.4 1.38 257.52 
6 25 1973 28.91 14.67 0 11.71 72.1 2.47 248.35 
6 26 1973 25.68 14.68 0 11.21 50.5 0.91 311.53 
6 27 1973 29.41 16.54 0 15.56 71.2 3.02 246.51 
6 28 1973 23.7 16.84 0 14.74 72.5 2.97 243.14 
6 29 1973 24.08 15.32 6.1 16.91 81 2.02 207.78 
6 30 1973 32.84 13.85 0 7.67 55 2.2 303.85 
7 1 1973 30.1 14.95 0 7.17 64.2 1.22 278.12 
7 2 1973 33.96 14.22 0 12.55 32.9 3.29 343.33 
7 3 1973 34.08 12.53 0 8.97 45.2 3.64 324.77 
7 4 1973 30.41 16.42 0 11.97 61 4.1 281.6 
7 5 1973 27.92 17.59 0 14.19 67.5 3.26 258.99 
7 6 1973 30.21 18.9 0 13.97 72.8 2.95 241.13 
7 7 1973 28.06 15.46 0 13.53 76.8 2.6 226.93 
7 8 1973 21.5 17.3 9.91 15.85 91 1.67 159.31 
7 9 1973 22.17 17.34 0.76 17.93 80.6 3.41 205.96 
7 10 1973 25.42 16.52 1.02 18.31 85.7 1.17 183.45 
7 11 1973 30.07 17.38 2.54 16.52 76.6 0.32 222.83 
7 12 1973 34.34 16.42 0 12.56 54.5 3.13 294.81 
7 13 1973 34.7 18.65 0 7.43 64.1 4.37 274.18 
7 14 1973 33.97 14.41 0 6.08 43.2 2.37 327.43 
7 15 1973 33.11 15.43 0 6.56 46.8 4.21 318.82 
7 16 1973 32.28 16.43 0 8.87 61.6 4.61 278.58 
7 17 1973 27.43 16.33 12.7 14.01 82.3 1.9 200.9 
7 18 1973 23.85 16.08 2.29 14.05 75.7 3.57 226.17 
7 19 1973 24.99 16.86 12.95 15.53 89.2 3.92 166.29 
7 20 1973 25.82 14.22 0 13.57 66.5 3.23 256.19 
7 21 1973 28.01 14.71 0 13.39 74.7 1.56 229.05 
7 22 1973 32.34 13.59 0 11.41 30.5 1.87 337.78 
7 23 1973 36.28 13.47 0 8.29 50.1 2.71 304.17 
7 24 1973 35.04 15.45 0 11.09 71.9 0.57 239.61 
7 25 1973 24.69 17.51 4.57 17.2 85.5 3.3 179.92 
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7 26 1973 28.26 19.55 0 16.48 77.4 2.13 212.88 
7 27 1973 24.62 16.19 0 18.31 79.7 0.2 201.45 
7 28 1973 27.41 11.33 0 15.08 69.8 0.46 239 
7 29 1973 28.21 11.97 0 13.79 67.4 2.02 247.49 
7 30 1973 29.39 14.63 0 13.44 69.8 1.99 239.69 
7 31 1973 33.13 15.92 0 9.23 57.2 2.6 279.39 
8 1 1973 35.08 16.34 0 9.16 35 2.45 324.5 
8 2 1973 37.06 17.56 0 14.1 39.5 4.22 308.71 
8 3 1973 33.34 20.35 0 19.28 57.1 4.22 262.52 
8 4 1973 31.33 22.14 0 19.67 75.8 3.56 208.24 
8 5 1973 25.43 17.79 0.51 17.17 86.6 1.2 169.24 
8 6 1973 24.08 15.7 12.45 13.17 87.4 1.27 168.43 
8 7 1973 30.31 15.41 1.78 13.66 66.3 2.31 243.56 
8 8 1973 32.31 15.65 1.02 14.26 67.6 1.49 237.93 
8 9 1973 31.57 17.68 19.3 14.47 68.4 1.92 234.46 
8 10 1973 33.51 16.81 0.76 12.1 60 3.16 259.41 
8 11 1973 31.88 15.7 42.67 10.36 74 2.71 219.7 
8 12 1973 34.06 16.63 1.78 10.44 67.1 1.84 239.96 
8 13 1973 34.33 16.04 15.75 11.57 33.3 2.26 309.7 
8 14 1973 35.24 15.63 0 9.78 31 4.15 314.12 
8 15 1973 33.01 13.38 0 10.39 52.9 3.97 272.66 
8 16 1973 28.3 15.13 20.57 15.92 76.6 2.41 200.47 
8 17 1973 28.5 14.68 0.76 15.2 68.2 1.91 226.33 
8 18 1973 25.51 16.82 19.56 14.38 81.7 1.17 182.56 
8 19 1973 23.44 16.32 11.68 15.35 88.8 0.97 151.38 
8 20 1973 28.04 16.63 0.25 16.48 72.4 0.38 209.34 
8 21 1973 30.16 15.48 36.58 15.43 69.1 2.08 219.11 
8 22 1973 28.57 14.63 0 13 64.3 2.77 233.62 
8 23 1973 27.64 14.79 0 7.47 68.6 3.06 226.34 
8 24 1973 21.78 15.54 6.35 13.78 92.6 0.77 130.53 
8 25 1973 24.48 15.19 33.53 13.91 84.6 1.31 165.63 
8 26 1973 23.43 16.46 21.34 15.43 90.4 2.71 138.51 
8 27 1973 21.61 13.34 17.53 12.02 85.5 1.2 161.73 
8 28 1973 21.07 10.59 6.86 10.89 83 1.58 171.11 
8 29 1973 23.21 10.86 55.88 9.93 66.4 1.67 222.66 
8 30 1973 21.67 12.28 2.79 9.17 83.8 1.33 167.27 
8 31 1973 17.78 13.01 14.99 10.83 86.1 2.64 156.52 
9 1 1973 29.37 14.61 1.78 14.31 87 1.99 149.08 
9 2 1973 26.08 12.22 0 7.51 65.3 2.42 222.1 
9 3 1973 15.34 13.39 11.68 13.87 93.6 2.42 117.55 
9 4 1973 23.14 15.34 3.56 15.77 89.8 1.25 133.51 
9 5 1973 26.76 17.52 4.06 15.2 80.4 3.09 168.13 
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9 6 1973 25.08 14.64 0 13.39 68.1 3.56 204.19 
9 7 1973 22.34 15.71 0 15.01 58.6 3.57 222.72 
9 8 1973 27.76 17.17 0 14.94 60.7 3.32 216.8 
9 9 1973 23.55 16.24 0 13.74 71.3 3.48 191.52 
9 10 1973 21.84 16.85 0 16.2 49 1.87 234.6 
9 11 1973 28.96 14.69 0 15.33 62.8 4.88 207.24 
9 12 1973 25.77 14.6 0 10.25 62.7 3.64 211.29 
9 13 1973 23.63 14.25 0.51 14.22 68.4 2.39 192.75 
9 14 1973 28.21 15.18 0 15.24 74.7 2.98 174.21 
9 15 1973 17.92 12.21 9.65 12.34 87.1 2.68 136.28 
9 16 1973 18.51 12.57 5.59 11.15 85.9 4.1 140.55 
9 17 1973 21.49 11.43 0 5.82 57.7 3.14 217.38 
9 18 1973 21.42 9.49 0 6.03 72.2 0.69 182.6 
9 19 1973 22.8 6.16 0 2.02 67.1 1.98 196.13 
9 20 1973 18.22 5.67 0 3.14 80.3 0.74 158.77 
9 21 1973 21.19 5.18 0 3.02 79.1 1.45 161.13 
9 22 1973 21.3 8.37 0 4.34 70.6 1.89 181.93 
9 23 1973 21.39 7.55 0 4.27 66.7 1.13 189.43 
9 24 1973 23.19 6.66 0 3.22 62 0.98 198.56 
9 25 1973 21.24 9.67 7.37 9.38 81 2.28 146.91 
9 26 1973 24.36 8.92 0 4.04 27.6 2.97 245.81 
9 27 1973 22.62 10.42 0 6.43 54.5 2.28 205.57 
9 28 1973 29.16 10.83 0 1.83 50.1 2.32 214.04 
9 29 1973 28.23 6.86 0 -4.74 53.7 1.82 209.34 
9 30 1973 23.17 5.69 0 -1.02 37.4 0.4 229.7 
10 1 1973 19.32 8.98 0.51 11.16 64.7 0.02 176.24 
10 2 1973 29.01 11.58 0 13.78 49.4 1.14 198.08 
10 3 1973 23.21 10.04 0 7.19 62.4 1.06 180.24 
10 4 1973 23.27 6.66 0 4.41 65.3 2.87 174.69 
10 5 1973 22.21 7.38 14.99 2.09 79.5 3.01 141.81 
10 6 1973 17.49 5.49 9.4 3.8 82.1 2.08 132.7 
10 7 1973 16.12 7.37 2.54 4.01 84.2 1.03 125.48 
10 8 1973 19.26 6.24 5.33 3.26 77.1 2.9 143.51 
10 9 1973 17.37 8.43 1.78 6.2 77.2 2.43 140.45 
10 10 1973 21.91 6.08 4.83 3.59 57.9 2.59 178.61 
10 11 1973 16.53 5.47 1.02 3.52 63.9 1.79 166.62 
10 12 1973 18.89 3.83 0 3.27 62.1 1.66 168.28 
10 13 1973 12.54 7.31 9.65 7.43 90.4 0.61 98.64 
10 14 1973 14.44 4.94 0 -0.5 71.4 2.54 149.34 
10 15 1973 17.54 5.6 0 8.28 68.9 0.88 148.48 
10 16 1973 15.16 9.94 0.51 8.72 87.3 3.52 104.59 
10 17 1973 13.44 10.28 2.54 7.77 94.2 2.75 81.26 
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10 18 1973 19.92 5.29 0 3.81 64.6 2.75 154.17 
10 19 1973 17.24 6.38 0 0.89 61.4 1.72 159.36 
10 20 1973 17.01 4.2 0 2.89 79.5 1.85 122.5 
10 21 1973 9.17 9.05 0.51 7.11 96.6 1.84 68.66 
10 22 1973 14.4 3.69 18.03 7.96 82.8 0.48 110.27 
10 23 1973 11.14 1.91 0.51 0.62 87.3 3.71 100.19 
10 24 1973 16.21 0.98 0 -3.85 73.3 2.87 132.64 
10 25 1973 12.26 -0.37 0 -4.54 68.5 4.03 140.34 
10 26 1973 12.69 1.75 0 -3.69 71.7 2 132.99 
10 27 1973 8.45 -0.11 0 -4.72 71.3 2.54 132.63 
10 28 1973 8.18 -5.55 0 -8.26 70.7 0.67 133.26 
10 29 1973 12.53 -3.81 0 -5.93 74.4 1.57 124.65 
10 30 1973 11.98 -4.76 0 -13.65 73.6 2.07 126.27 
10 31 1973 7.47 -10.54 0 -18.16 74.9 0.1 123.08 
11 1 1973 10.34 -3.71 0.51 -3.84 83.9 0.91 101.02 
11 2 1973 17.77 -1.94 0 -3.43 64.3 2.57 135.98 
11 3 1973 20.49 0.17 0 -4.37 56.9 2.03 145.27 
11 4 1973 16.35 2.21 0 1.26 57.8 1.09 140.82 
11 5 1973 19.71 2.68 0 2.73 58.5 1.48 137.92 
11 6 1973 11.91 3.04 0 -0.68 81.3 2.03 100.91 
11 7 1973 8.18 0.28 0 -3.76 78.8 0.74 105.67 
11 8 1973 12.91 -1.13 0 -0.64 75.4 1.51 110.06 
11 9 1973 15.46 1.29 0 1.63 78.4 1.87 103.11 
11 10 1973 10.74 -0.04 0 -8.34 78 3.06 105.21 
11 11 1973 7.85 -0.64 0 -6.39 65.7 1.51 123.65 
11 12 1973 10.58 -0.58 0 -2.51 72.4 1.86 111.62 
11 13 1973 10.84 -4.12 0 -8.78 80.9 1.5 97.08 
11 14 1973 10.38 -5.13 0 -9.14 59.3 1.28 129.49 
11 15 1973 11.91 -3.5 0 -2.26 74.3 0.79 105.75 
11 16 1973 15.36 1.66 0 1.42 69.3 3.5 111.37 
11 17 1973 11.63 0.09 0 -2.21 69.7 2.36 110.88 
11 18 1973 5.11 -2.77 0 -7.44 78.3 0.96 97.6 
11 19 1973 5.32 -6.71 0 -10.02 71.4 0.1 108.29 
11 20 1973 6.11 -7.11 0 -8.93 75.1 1.46 101.59 
11 21 1973 9.06 -6.71 0 -10.64 39.8 1.51 141.95 
11 22 1973 13.84 -4.92 0 -8.41 44.6 1.1 136.32 
11 23 1973 11.87 -6.52 0 -7.6 20.5 2.36 151.66 
11 24 1973 8.11 -5.6 0 -6.47 55.6 0.28 123.34 
11 25 1973 7.63 -5.97 0 -7.66 27.5 0.46 145.8 
11 26 1973 13.52 -8.88 0 -9.01 50.5 0.62 127.32 
11 27 1973 16.27 -5.08 0 -7.64 41.2 1.09 134.41 
11 28 1973 7.16 -4.96 0 -8.59 60.3 1.29 115.42 
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11 29 1973 3.59 -4.89 0 -7.23 48.3 1.11 126.64 
11 30 1973 1.47 -6.54 0 -12.81 88.1 1.52 72.62 
12 1 1973 2.3 -12.44 0 -19.63 24 2.41 144.62 
12 2 1973 0.45 -8.33 0 -12 67.8 1.21 104.4 
12 3 1973 5.21 -6.03 0 -3.86 84.2 1.93 77.81 
12 4 1973 4.99 -7.28 0 -10.11 82 3.21 82.19 
12 5 1973 2.07 -8.62 0 -17.91 78.8 1.87 87.9 
12 6 1973 4.96 -11.23 0 -19.45 46.1 3.02 126.06 
12 7 1973 3.34 -13.23 0 -19.14 66.6 2.07 104.36 
12 8 1973 8.79 -15.41 0 -18.85 48.2 0.41 123.27 
12 9 1973 12.07 -12.77 0 -16.03 22.1 0.8 140.11 
12 10 1973 5.83 -9.81 0 -14.14 48.1 2.44 121.89 
12 11 1973 6.3 -10.09 0 -16.03 58 1.4 112.39 
12 12 1973 7.09 -9.75 0 -14.45 59.9 1.08 109.86 
12 13 1973 9.67 -6.46 0 -8.36 55.3 1.73 113.43 
12 14 1973 11.38 -5.32 0 -5.28 54.3 3.35 113.54 
12 15 1973 8.94 -4.67 0 -6.63 69.3 1.28 97.14 
12 16 1973 8.89 -6.31 0 -5.75 68.6 2.04 97.76 
12 17 1973 6.48 -4.24 0 -7.12 90.6 2.92 62.74 
12 18 1973 4.81 -9.33 0 -11.79 79.1 2.66 83.94 
12 19 1973 -0.9 -6.51 4.06 -9.06 94.2 1.62 54.33 
12 20 1973 5.54 -12.59 0 -22.78 75.5 3.11 90.32 
12 21 1973 3.8 -10.67 0 -15.44 76.2 0.96 88.69 
12 22 1973 3.6 -10.51 0 -15.59 79.3 1.37 84.14 
12 23 1973 -2.63 -13.03 0 -17.19 67.3 1.05 100.79 
12 24 1973 2.92 -16.26 0 -21.88 66.4 0.93 102.35 
12 25 1973 2.09 -13.38 0 -17.83 73.3 3.12 93.24 
12 26 1973 -1.27 -13.49 0 -20.26 68.7 1.7 99.73 
12 27 1973 0.19 -12.62 0 -19.57 51.4 1.96 118.58 
12 28 1973 4.13 -11.96 0 -12.25 83.9 1.06 76.78 
12 29 1973 -0.23 -9.3 0 -11.13 67.7 1.83 100.6 
12 30 1973 6.86 -12.48 0 -12.67 36.5 1.43 130.55 
12 31 1973 8.41 -11.72 0 -14.23 68.5 1.99 100.63 
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Appendix B2. Daily climate data of PINGLIANG station 
Month Day Year Max Air 
Temperature 
Min Air 
Temperature 
Precipitation Dew 
Point 
Sky 
Cover 
Wind 
Speed 
Solar 
Radiation 
 
1 1 1973 2.98 -3.51 0 -8.29 81.6 2.9 85.32 
1 2 1973 0.57 -6.66 0 -12.07 71.4 2.81 102.14 
1 3 1973 7.12 -8.21 0 -13.22 64.6 1.8 111.74 
1 4 1973 10.04 -8.74 0 -15.94 54.6 1.71 124.09 
1 5 1973 3.88 -6.19 0.51 -7.91 89 2.63 71.97 
1 6 1973 0.12 -2.48 3.56 -7.83 98.9 2.26 42.63 
1 7 1973 11.03 -4.17 0 -14.21 75.8 2.02 98.04 
1 8 1973 6.01 -4.05 0 -11.53 67.4 3.97 110.38 
1 9 1973 0.21 -7.41 0 -11.54 88.4 1.52 75.24 
1 10 1973 -5.22 -8.13 0 -10.53 75.8 3.06 99.11 
1 11 1973 -3.93 -10.83 0 -18.53 93.3 2.08 64.5 
1 12 1973 -5.14 -11.59 0 -16.91 88.4 2.39 76.88 
1 13 1973 -3.12 -13.34 0 -15.98 67.7 1.9 113.77 
1 14 1973 -1.76 -10.75 0 -15.72 75.1 2.16 103.27 
1 15 1973 -1.2 -9.54 0 -11.34 83.7 0.6 87.89 
1 16 1973 -0.02 -10.24 0 -10.71 81.2 1.17 93.35 
1 17 1973 3.14 -13.09 0 -15.89 59.8 1.51 127.31 
1 18 1973 4.94 -10.17 0 -11.66 43.9 2.38 144.8 
1 19 1973 4.54 -10.07 0 -13.83 29.8 2.23 157.63 
1 20 1973 3.1 -7.22 0 -4.96 76.1 0.99 104.35 
1 21 1973 4.92 -6.38 0 -7.04 84.1 0.97 90.45 
1 22 1973 7.36 -5.09 0 -6.23 60.9 1.16 129.01 
1 23 1973 6.59 -7.11 0 -10.4 67.5 2.87 121.7 
1 24 1973 5.69 -8.49 0 -15.25 70.9 3.79 118.18 
1 25 1973 9.72 -7.83 0 -13.49 41.7 0.92 155.31 
1 26 1973 3.17 -7.25 0 -12.11 67.2 2.82 125.4 
1 27 1973 -2.58 -6.68 0.76 -3.29 97.6 0.45 55.25 
1 28 1973 -1.39 -5.19 1.78 -1.75 96 0.5 62.19 
1 29 1973 -0.59 -6.45 0 -5.94 91.4 2.64 78.11 
1 30 1973 -1.35 -8 0 0.57 92 2.15 75.75 
1 31 1973 -4.68 -5.93 0 -4.37 85.4 2.69 94.71 
2 1 1973 -2.43 -20.79 0 -57.21 100 3.4 28.22 
2 2 1973 -0.49 -21.66 0 -15.17 13.9 2.53 187.12 
2 3 1973 20.79 -22.78 0 -17.54 14.8 0.37 188.87 
2 4 1973 12.09 1.05 0 -9.39 10.4 2.16 190.65 
2 5 1973 3.89 -7.03 0 11.71 28.3 6.63 171.17 
2 6 1973 -0.87 -7.55 0 -16.11 100 1.31 19.43 
2 7 1973 -7.24 -25.93 0 -41.9 98.4 1.22 58.68 
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2 8 1973 -5.28 -21.7 0 -19.24 15 0.33 198.05 
2 9 1973 5.61 -22.92 0 -29.26 17.2 2.2 199.97 
2 10 1973 2.7 -19.99 0 -11.41 11.2 4.75 201.91 
2 11 1973 8.37 -11.7 0 -7.94 8.5 3.79 203.87 
2 12 1973 -0.79 -4.2 1.78 -10.23 100 2.06 47 
2 13 1973 -1.77 -3.45 0 -5.15 86.7 0.25 103.55 
2 14 1973 2.73 -4.17 0 -21.91 98.2 1.23 63.25 
2 15 1973 1.05 -0.33 0 -5.85 5.7 0.19 211.97 
2 16 1973 11.23 1.05 0 -7.67 60.6 0.44 162.54 
2 17 1973 11.34 0.4 0 -6.71 65.1 1.76 156.19 
2 18 1973 12.33 -6.8 0 4.24 67.6 3.99 149.23 
2 19 1973 11.16 4.52 0 -16.92 96.9 0.39 73.71 
2 20 1973 12.16 -3.69 0 -26.73 74.6 0.7 144.71 
2 21 1973 17.33 -18.22 0 -30.87 63.7 1.72 168.42 
2 22 1973 19.58 -12.84 0 -18.22 13.6 1.12 226.89 
2 23 1973 11.61 0.04 0 8.13 27.3 5.4 207.67 
2 24 1973 6.3 4.74 0 -2.93 89.8 1.03 104.7 
2 25 1973 4.74 -7.92 0 -3.72 89.9 3.2 105.51 
2 26 1973 4.91 0.71 0 10.19 62.2 3.99 167.18 
2 27 1973 0.71 -6.51 3.56 -7.71 100 1.47 23.8 
2 28 1973 0.78 -0.91 0 3.49 58.7 4.78 180.91 
3 1 1973 -1.76 -4.94 0 -1.62 87.6 3.41 117.07 
3 2 1973 8.16 -5.53 0 -5.64 66.5 3.14 173.5 
3 3 1973 9.84 -2.88 0 -3.24 61.5 2.7 184.14 
3 4 1973 5.62 -4.14 0 -4.04 63.6 3.44 181.92 
3 5 1973 9.38 -5.06 0 -8.99 72.2 2.67 166.52 
3 6 1973 1.66 -6.03 3.05 -4.64 82.2 2.82 140.44 
3 7 1973 6.03 -7.38 0 -8.67 75.3 2.06 161.67 
3 8 1973 6.6 -5.89 0 -9.29 69.7 2.73 177.01 
3 9 1973 7.72 -5.65 0 -8.51 75.5 2.51 164.06 
3 10 1973 9.03 -8.57 0 -11.18 64.7 3.74 191.83 
3 11 1973 3.28 -5.64 0.51 -3.86 88 2.21 126.98 
3 12 1973 8.84 -6.91 0 -11.76 81.2 2.12 152.67 
3 13 1973 7.4 -8.65 0 -9.62 68.7 1.77 187.14 
3 14 1973 11.26 -3.71 0 -6.09 63.6 2.48 199.4 
3 15 1973 12.47 -3.58 0 -12.59 71.4 2.85 184.38 
3 16 1973 9.9 -4.56 1.02 -9.23 81.8 4.19 155.57 
3 17 1973 14.18 -11.2 0 -16.06 30.8 2.05 262.05 
3 18 1973 16.17 -7.94 0 -9.07 31.1 1.75 261.76 
3 19 1973 15.25 0.87 0 -2.83 67.8 1.27 196.69 
3 20 1973 14.86 -0.38 0 2.11 65 2.02 202.51 
3 21 1973 9.57 -0.41 0 -4.51 87 3.06 141.92 
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3 22 1973 7.34 -5.17 0 -6.78 75.7 2.47 181.39 
3 23 1973 6.35 -3.92 0 -0.16 79.7 3.16 168.3 
3 24 1973 9.33 -0.56 0 -1.13 77 1.9 178.5 
3 25 1973 12.31 2.99 0 -5.61 80.3 3.77 170.8 
3 26 1973 7.66 -2.48 0 -5.79 81.3 2.61 168.78 
3 27 1973 7.51 -0.09 0 1.83 77.6 2.42 179.32 
3 28 1973 14.12 5.44 0 9.82 86.4 2.48 145.76 
3 29 1973 15.16 6.79 0 4.62 74.7 3.33 188.98 
3 30 1973 10.13 1.19 0 0.62 79.2 2.36 178.31 
3 31 1973 8.75 -1.24 0 -7.09 78.5 1.58 184.65 
4 1 1973 11.46 -4.46 0 -9.79 75.1 3.45 197.67 
4 2 1973 6.19 -6.08 0 -10.93 85.9 1.92 160.74 
4 3 1973 10.79 -7.41 0 -12.58 71.6 2.64 211.48 
4 4 1973 10.81 -4.27 0 -7.76 69.5 1.41 217.81 
4 5 1973 15.7 0.17 9.4 0.88 62.6 0.29 233.6 
4 6 1973 14.49 2.04 0 0.49 71.1 2.54 212.49 
4 7 1973 9.48 0.31 0 -4.36 74.9 2.88 204.27 
4 8 1973 12.68 1.73 0 0.03 73.9 1.04 206.77 
4 9 1973 10.62 1.71 0 3.76 80.9 2.17 182.57 
4 10 1973 12.78 0.35 0 0.55 86.2 2.6 164.27 
4 11 1973 11.27 4.73 0 2.57 74 2.19 208.58 
4 12 1973 12.99 1.02 0 3.71 77.9 2.81 196.34 
4 13 1973 10.55 -0.35 0 -1.43 83.1 2.72 180.55 
4 14 1973 11.47 -3.97 0 -9.27 64.2 3.43 246.45 
4 15 1973 15.66 -3 0 -6.37 50.6 1.23 279.59 
4 16 1973 13.41 -0.87 0 -4.86 81.9 2.47 189.75 
4 17 1973 15.55 1.24 0 -0.06 73.4 0.85 218.9 
4 18 1973 14.99 -0.24 0 -2.52 72.8 2.39 223.06 
4 19 1973 16.64 1.73 0 -2.19 72.4 3.23 225.33 
4 20 1973 16.66 4.19 0 2.18 66.1 2.24 243.25 
4 21 1973 21.13 4.03 0 4.82 52.2 0.26 277.36 
4 22 1973 17.53 4.19 0 4.57 74.7 3.81 217.25 
4 23 1973 17.06 1.96 0 0.3 74.8 3 220.48 
4 24 1973 18.59 2.68 0 1.09 69 1.97 239.77 
4 25 1973 15.98 5.04 0 2.54 71.3 0.75 232.77 
4 26 1973 21.1 0.02 0 0.14 65 1.84 254.14 
4 27 1973 18.47 4.96 0 2.09 78.9 2.39 208.32 
4 28 1973 12.59 4.85 1.27 4.53 84.8 2.7 183.46 
4 29 1973 15.71 3.09 0 5.46 75.6 2.09 220.07 
4 30 1973 13.01 2.83 0 2.8 82.9 2.89 194.13 
5 1 1973 10.96 1.42 0 3.94 72.4 2.91 233.77 
5 2 1973 20.38 4.98 0 4.38 68.4 2.78 247.28 
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5 3 1973 19.09 2.75 0 -3.34 58.8 2.94 280.4 
5 4 1973 20.41 4.34 0 0.18 50.1 3.9 300.7 
5 5 1973 21.04 4.22 0 0.85 69.9 3.22 247.21 
5 6 1973 15.98 2.92 0 3.23 79.2 2.1 213.47 
5 7 1973 19.31 5.89 9.65 7.55 75.5 1.45 225.06 
5 8 1973 12.46 10.69 4.57 9.56 91 2.61 156.26 
5 9 1973 14.23 6.66 5.84 8.4 90 2.14 162.82 
5 10 1973 22.8 5.49 0 6.1 59.4 3.54 278.56 
5 11 1973 21.65 9.35 2.03 9.41 71.4 3.83 240.47 
5 12 1973 15.29 10.2 10.92 10.03 85.5 3.01 185.74 
5 13 1973 21.72 5.83 0 9.83 57.2 1.9 282.84 
5 14 1973 19.11 9.16 0 9.79 58.8 2.44 279.54 
5 15 1973 22.63 12.32 0 11.74 71.9 2.52 238.98 
5 16 1973 14.69 10.35 0 6.91 87.1 3.15 182.05 
5 17 1973 22.34 9.11 8.89 5.89 57 2.58 290.34 
5 18 1973 19.27 6.98 13.21 6.42 78.4 1.62 221.68 
5 19 1973 22.57 5.29 0 7.79 68.2 2.34 257.43 
5 20 1973 27.09 10.83 0 10.22 56.2 3.58 289.68 
5 21 1973 23.98 10.24 0 5.99 68.4 3.47 259.26 
5 22 1973 21.71 6.53 0 2.47 62.8 4.06 279.99 
5 23 1973 22.1 5.88 0 3.17 52 4 309.11 
5 24 1973 17.17 4.52 0.76 8.77 67.6 3.25 260.72 
5 25 1973 18.57 7.32 2.29 9.48 74.5 1.54 237.18 
5 26 1973 21.32 10.08 0 4.48 41.7 2.83 332.55 
5 27 1973 23.27 6.96 0 3.43 50.4 4.76 315.05 
5 28 1973 23.71 9.01 0 9.23 55.6 2.43 296.57 
5 29 1973 17.78 14.03 6.86 14.43 80.6 1.73 209.75 
5 30 1973 24.53 15.11 5.08 14.35 80.8 2.76 209.49 
5 31 1973 31.99 16.36 0 12.19 58.6 2.12 286.34 
6 1 1973 31.37 16.76 0 11.12 71.4 3.61 248.98 
6 2 1973 28.57 13.22 0 8.29 58.9 3.28 290.91 
6 3 1973 32.3 10.49 0 8.78 59.7 2.67 288.53 
6 4 1973 26.12 13.63 1.52 12.19 82 3.25 207.91 
6 5 1973 30.01 10.07 0 4.97 31 2.63 355.95 
6 6 1973 32.18 9.27 0 5.01 32.1 3.36 354.4 
6 7 1973 31.92 11.44 0 9.69 52.9 3.33 306.48 
6 8 1973 28.29 7.24 0 4.27 41.1 2.94 339.15 
6 9 1973 31.12 8.73 0 5.6 32.7 1.2 353.61 
6 10 1973 25.03 12.31 3.3 11.26 54.7 2.53 300.39 
6 11 1973 27.68 14.78 0 8.59 61.2 4.32 286.32 
6 12 1973 28.05 14.62 0 11.91 77.8 2.64 226.88 
6 13 1973 22.73 14.83 1.02 13.41 86.6 3.07 186.83 
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6 14 1973 28.06 14.05 0 10.39 63.9 2.06 276.58 
6 15 1973 29.74 13.29 0 13.81 61 2.43 280.72 
6 16 1973 27.38 12.36 0 13.08 65.6 2.96 268.1 
6 17 1973 25.94 12.7 0 8.73 55.8 2.95 301.45 
6 18 1973 24.39 11.43 0 12.23 68 3.35 261.77 
6 19 1973 24.94 12.35 2.03 14.14 85.3 0.99 192.36 
6 20 1973 25.44 12.95 0 14.93 76 1.79 230.74 
6 21 1973 23.93 13.45 1.27 16.55 84.9 1.95 191.62 
6 22 1973 19.16 13.48 0.51 14.73 67.6 1.02 259.75 
6 23 1973 26.22 13.92 0 15.52 61.2 1.53 277.53 
6 24 1973 26.31 15.14 6.6 13.19 78.4 3.16 223.02 
6 25 1973 26.55 14.87 5.84 13.02 43.7 1.95 323.83 
6 26 1973 30.77 15.37 0 12.03 33 3.11 345.05 
6 27 1973 23.5 11.43 0 11.43 79.1 1.13 222.03 
6 28 1973 18.86 15.06 0.76 14.58 71.4 1.29 246.94 
6 29 1973 33.57 14.79 0 17.94 64.2 0.66 264.42 
6 30 1973 34.34 13.08 0 17.54 57.9 1.58 282.24 
7 1 1973 30.99 15.75 0 18.19 56.9 1.61 283.33 
7 2 1973 27.24 18.25 0 18.43 68.8 2.66 248.88 
7 3 1973 29.13 17.66 0 18.88 79.5 2.22 210.3 
7 4 1973 29.08 14.95 0 15.85 74.5 2.83 233.07 
7 5 1973 26.3 16.29 0 16.15 59.7 2.49 278.52 
7 6 1973 31.04 17.85 0 16.86 65.9 2.33 259.52 
7 7 1973 28.09 18.28 0 18.08 66.2 2.08 256.35 
7 8 1973 28.81 18.26 0 17.76 76.2 2.95 223.26 
7 9 1973 22.32 18.47 25.15 14.06 93.7 3.5 144.27 
7 10 1973 25.5 11.46 0.51 11.33 70.8 1.96 249.89 
7 11 1973 28.56 14.01 2.29 14.22 71.6 2.78 243.26 
7 12 1973 24.26 15.72 7.37 15.41 87.2 2.76 178.87 
7 13 1973 28.09 13.84 0 14.31 74.7 1.58 231.85 
7 14 1973 29.55 12.85 0 11.79 63.8 1.64 269.85 
7 15 1973 27.53 13.62 0 12.83 77.5 3.41 222.12 
7 16 1973 24.44 11.63 0 14.01 68 2.63 253.5 
7 17 1973 27.53 13.51 0 14.58 73.4 1.5 234.41 
7 18 1973 31.06 13.72 0 14.67 28.7 1.63 338.24 
7 19 1973 33.58 13.11 0 13.37 50.4 2.87 299.86 
7 20 1973 32.26 13.95 0 15.92 70.5 0.79 240.89 
7 21 1973 22.03 17.6 6.1 18.84 85 2.89 182.36 
7 22 1973 25.62 18.75 0 18.86 82.2 2.11 193.78 
7 23 1973 22.91 15.93 0 18.69 85.6 0.88 178.99 
7 24 1973 26.88 12.24 0 16.41 72.4 1.42 231.98 
7 25 1973 26.63 13.38 0 16.91 70.7 1.98 236.21 
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7 26 1973 27.02 16.17 0 17.89 76.1 1.85 216.04 
7 27 1973 30.53 17.29 0 15.04 65 2.59 254.65 
7 28 1973 32.47 14.02 0 11.33 47.9 2.33 301.88 
7 29 1973 34.92 13.04 0 14.3 45.5 3.74 301.59 
7 30 1973 28.33 17.56 0 19.63 64.2 2.24 247.88 
7 31 1973 27.54 20.24 0 19.85 80.9 2.53 193.01 
8 1 1973 22.91 16.14 0.51 16.04 87.8 0.88 167.34 
8 2 1973 27.03 17.97 0 15.49 81.1 1.12 196.41 
8 3 1973 28.26 17.17 0 14.6 70.3 1.85 234.35 
8 4 1973 28.37 17.42 0 14.13 72.3 1.59 227.91 
8 5 1973 28.51 14.39 2.54 11.72 71.5 1.17 232.39 
8 6 1973 29.16 11.77 2.03 9.11 72.5 2.31 231.07 
8 7 1973 29.56 8.66 2.29 7.18 48.8 0.47 295.57 
8 8 1973 30.01 9.04 0 7.19 44 3.99 304.18 
8 9 1973 32.08 11.04 0 6.58 49.1 4.58 293.33 
8 10 1973 26.47 12.67 22.35 8.51 80.1 2.43 201.17 
8 11 1973 33.16 9.61 0 7.04 46.2 1.68 296.68 
8 12 1973 31.58 10.46 0 8.02 33.9 2.35 316.33 
8 13 1973 31.46 11.24 0 11.42 32.2 2.97 313.22 
8 14 1973 29.98 12.99 0 11.81 56.4 2.37 265.62 
8 15 1973 30.66 14.73 2.03 12.7 61.6 1.57 250.68 
8 16 1973 28.67 12.58 0.51 10.47 75.9 1.34 209.88 
8 17 1973 24.43 10.75 26.42 13.09 76.5 1.82 204.41 
8 18 1973 26 9.12 2.03 13.9 65 3.28 237.08 
8 19 1973 26.26 14.57 5.33 15.65 56.1 2.81 255.47 
8 20 1973 29.31 16.32 0 14.65 61.8 2.68 242.11 
8 21 1973 26.14 16.62 10.41 15.14 81.9 3.11 179.71 
8 22 1973 18.72 11.93 0.76 12.98 79.8 2.78 188.37 
8 23 1973 18.71 14.32 48.01 14.42 95.3 0.38 116.05 
8 24 1973 20.07 10.11 1.52 10.31 79.8 1.5 188.97 
8 25 1973 20.99 14.12 29.21 14.27 89.8 2.07 144.15 
8 26 1973 19.43 11.97 7.37 12.52 98.9 1.34 87.84 
8 27 1973 23.33 7.41 0 9.08 76.5 1.82 198.18 
8 28 1973 24.83 7 0 9.27 71.2 0.82 213.11 
8 29 1973 26.25 8.45 0 6.54 51.7 2.09 262.33 
8 30 1973 28.78 8.83 0 10.77 40.6 0.92 276.77 
8 31 1973 27.23 8.26 0 7.81 51.1 3.4 259.33 
9 1 1973 23.94 11.67 0.76 12.42 84.3 0.53 162.83 
9 2 1973 18.77 15.01 1.27 19.29 88.7 1.01 138.28 
9 3 1973 25.57 16.99 0 17.24 64.7 2.53 214.29 
9 4 1973 23.89 17.98 0 16.1 67.4 0.61 207.77 
9 5 1973 23.78 13.92 0 17.33 63.1 1.46 215.26 
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9 6 1973 30.19 15.74 0 15.43 44.9 1.32 252.29 
9 7 1973 25.98 16.12 0 13.54 65.2 2.9 212.33 
9 8 1973 27.84 15.78 1.27 16.94 65.7 1.48 205.65 
9 9 1973 27.41 14.98 25.65 16.06 79.4 4.2 168.04 
9 10 1973 25.73 13.44 0 10.84 65 3.6 211.26 
9 11 1973 24.19 12.69 0.76 13.41 66 1.84 204.86 
9 12 1973 27.37 13.36 0 14.69 72.8 2.39 185.13 
9 13 1973 18.24 11.24 3.3 12.28 86.9 2.99 141.26 
9 14 1973 19.52 12.15 7.87 11.11 85.9 3.59 144.78 
9 15 1973 19.53 9.64 3.3 6.87 76.5 1.84 177.04 
9 16 1973 19.83 7.87 9.65 7.31 91.1 1.85 123.81 
9 17 1973 17.98 7.56 2.03 8.71 86.5 2.36 140.74 
9 18 1973 22.79 6.49 6.86 6.58 78.1 2.21 168.76 
9 19 1973 16.96 7.92 4.57 6.78 92.7 2.86 114.44 
9 20 1973 16.48 9.09 5.59 7.38 77.9 2.22 166.21 
9 21 1973 20.39 6.77 0.76 8.18 55.9 1.51 215.86 
9 22 1973 21.2 7.22 2.79 8.5 53 4.49 219.22 
9 23 1973 18.96 7.31 5.08 9.66 76.6 2.39 164.64 
9 24 1973 21.56 4.56 19.81 7.95 75.4 3.16 167.75 
9 25 1973 25.25 7.78 0 9.03 81.2 1.72 149.3 
9 26 1973 10.98 8.58 0 5.42 95.6 2.27 94.45 
9 27 1973 15.03 8.72 0 6.14 87.1 2.6 129.3 
9 28 1973 21.51 8.51 0 10.06 73 1.85 166.74 
9 29 1973 17.44 11.25 4.06 12.98 94.4 2.17 95.34 
9 30 1973 15.83 12.96 2.54 10.58 94.1 2.65 96.9 
10 1 1973 15.87 12.44 0.76 11.09 93.9 3.02 96.83 
10 2 1973 21.39 8.24 0 1.96 76.8 3.24 156.41 
10 3 1973 17.53 3.11 0 -1.2 74.8 1.56 161.28 
10 4 1973 21 1.46 0 1.69 45.1 1.8 214.89 
10 5 1973 15.49 7.48 2.29 6.91 77.8 1.91 147.33 
10 6 1973 22.11 6.01 7.87 6.59 58.4 2.38 187.24 
10 7 1973 17.72 6.15 1.27 5.76 62.8 1.57 178.01 
10 8 1973 20.32 5.3 0 6.68 62.6 1.47 176.2 
10 9 1973 14.08 8.5 11.94 8.74 91 0.71 102.31 
10 10 1973 14.82 6.67 0 2.98 74.7 2.37 150.05 
10 11 1973 17.6 6.56 0 9.78 73.3 0.76 148.34 
10 12 1973 16.64 10.72 1.02 9.81 88.7 3.12 106.84 
10 13 1973 13.59 10.04 4.32 7.1 95.1 2.62 83.14 
10 14 1973 21.16 4.66 0 4.32 60.9 2.37 171.1 
10 15 1973 19.18 4.27 4.57 6.96 74.8 1.63 141.16 
10 16 1973 22.47 4.54 0 4.63 64.3 0.38 161.89 
10 17 1973 12.77 4.27 1.78 3.65 81.4 0.88 124.55 
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10 18 1973 23.39 7.78 0 12.83 64.8 0.5 152.59 
10 19 1973 13.41 6.18 0.51 5.56 90.9 3.82 94.7 
10 20 1973 16.32 4.12 0 0.52 78.5 3.23 129.23 
10 21 1973 13.24 1.87 0 -0.89 69.1 3.85 148.04 
10 22 1973 15.2 2.95 0 -0.68 69.8 2.13 145.32 
10 23 1973 12.03 1.64 0 -1.57 67.4 2.28 148.63 
10 24 1973 10.46 -3.25 0 -4.02 72.9 0.64 137.65 
10 25 1973 15.55 -0.93 0 -0.48 76 1.9 128.87 
10 26 1973 12.93 -1.29 0 -7.03 77.8 2.8 125.68 
10 27 1973 6.88 -6.82 0 -11.81 81 0.57 117.99 
10 28 1973 11.83 0.19 0.51 -1.27 89.3 0.17 93.34 
10 29 1973 18.62 0.92 0 -0.23 65 1.91 143.99 
10 30 1973 20.98 2.64 0 -1.13 55.9 2.29 156.52 
10 31 1973 17.28 4.14 0 3.13 54.3 1.21 155.37 
11 1 1973 19.6 3.82 0 3.85 65.7 1.36 137.29 
11 2 1973 11.8 4.04 0 1.63 85.3 1.87 98.86 
11 3 1973 8.41 1.81 0 -0.08 83.6 0.86 102.39 
11 4 1973 5.62 3.02 1.02 1.73 93.9 1.25 72.87 
11 5 1973 6.71 1.77 0 3.09 80.9 2.32 105.58 
11 6 1973 13.23 -1.03 0 -3.87 77.5 3.37 113.37 
11 7 1973 4.93 -0.57 5.59 -4.26 93.7 3.02 72.6 
11 8 1973 7.15 -2.23 1.27 -1.91 67.8 0.13 127.64 
11 9 1973 10.48 -2.12 0 -4.52 74.4 2.05 116.2 
11 10 1973 6.12 -0.9 3.3 0.34 83.9 1.8 95.47 
11 11 1973 6.32 -2.49 0 -6.73 85.5 2.42 92.51 
11 12 1973 3.91 -4.73 0 -6.62 73 0.15 116.07 
11 13 1973 3.82 -4.14 0 -4.72 44.3 2.08 151.98 
11 14 1973 12.71 -3.4 0 -6.39 38.3 2.18 156.71 
11 15 1973 15.86 -4.01 0 -7.81 72.9 2.34 113.63 
11 16 1973 9.74 -5.63 0 -5.96 27.8 1.99 162.02 
11 17 1973 1.55 -2.61 2.29 -4.08 93.4 1.53 67.83 
11 18 1973 4.51 -6.47 0 -12.25 82.5 3.57 94.47 
11 19 1973 3.18 -6.51 0 -7.63 83.9 1.47 90.16 
11 20 1973 4.27 -5.98 0 -5.66 84.6 0.95 87.87 
11 21 1973 7.93 -2.58 0 -6.84 86.6 2.4 83.12 
11 22 1973 14.37 -3.1 0 -8.32 68.3 0.8 114.82 
11 23 1973 14.57 -3.24 0 -7.65 70 1.54 111.52 
11 24 1973 16.83 -5.28 0 -11.49 52.8 2.09 133.01 
11 25 1973 7.03 -4.69 0 -11.12 59.1 3.15 124.97 
11 26 1973 7.67 -4.36 0 -6.82 55.3 1.16 127.67 
11 27 1973 10.14 -3.62 0 -5.73 74.9 2.86 100.88 
11 28 1973 4.28 -6.24 0 -10.29 83.1 2.7 86.91 
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11 29 1973 3.69 -5.99 0 -6.84 70.5 0.94 106.55 
11 30 1973 5.2 -4.64 0 -7.19 73.2 1.89 102.15 
12 1 1973 3.87 -6.24 0 -5.15 81.2 1.43 88.25 
12 2 1973 3.99 -6.51 0 -4.38 83.9 2.74 82.79 
12 3 1973 4.11 -7.64 0 -12.67 72 3.3 103.16 
12 4 1973 3.45 -8.82 0 -13.67 73.2 1.64 101.01 
12 5 1973 1.14 -9.61 0 -10.39 81.4 1.19 86.96 
12 6 1973 3.93 -8.11 0 -7.44 58.5 0 118.04 
12 7 1973 3.51 -3.94 0.51 -0.31 85.7 1.68 76.71 
12 8 1973 1.61 -2.32 1.02 0.28 92.2 3.16 62.39 
12 9 1973 1.44 -1.82 0.51 -1.88 97.2 1.35 48.08 
12 10 1973 -1.11 -3.92 0.51 -1.78 96.1 1.81 51.55 
12 11 1973 1.76 -5.09 1.02 -5.31 84 2.28 79.94 
12 12 1973 0.54 -4.18 2.29 -3.55 87.1 0.36 73.45 
12 13 1973 7.34 -5.18 0 -6.38 70.8 2.23 100.42 
12 14 1973 2.43 -3.04 0 -6.36 91.8 2.86 63.46 
12 15 1973 3.38 -7.57 0 -15.77 88 3.81 72.74 
12 16 1973 3.7 -8.34 0 -14.15 78.3 1.35 90.07 
12 17 1973 1.31 -9.62 0 -14.65 83.3 1.57 81.41 
12 18 1973 -1.54 -7.93 0 -9.98 84 2.34 79.68 
12 19 1973 -0.37 -11.09 0 -15.77 82.4 1.64 83.01 
12 20 1973 1.79 -7.16 0 -10 68.9 1.55 102.78 
12 21 1973 1.67 -8.51 0 -11.82 79 1.82 88.39 
12 22 1973 2.58 -7.51 0 -12.94 59.3 0.67 114.89 
12 23 1973 4.56 -8.24 0 -7.03 90.9 1.28 65.3 
12 24 1973 -0.62 -8.14 0 -9.38 80.7 1.45 85.41 
12 25 1973 -1.08 -11.02 0 -10.09 64.7 1.61 108.49 
12 26 1973 -0.24 -8.01 0 -12.5 82.8 2.39 82.5 
12 27 1973 -3.51 -9.5 0 -14.88 78.6 3.1 89.95 
12 28 1973 -0.22 -9.54 0 -17 78.2 1.54 91.04 
12 29 1973 -3.27 -11.83 0 -17.19 73.9 2.1 97.86 
12 30 1973 1.91 -12.65 0 -17.01 62.2 1.26 113.57 
12 31 1973 -2.78 -14.38 0 -17.08 75.2 1.41 96.5 
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Appendix B3. Daily climate data of XIFENGZHEN station 
Month Day Year Max Air 
Temperature 
Min Air 
Temperature 
Precipitation Dew 
Point 
Sky 
Cover 
Wind 
Speed 
Solar 
Radiation 
 
1 1 1973 1.73 -10.93 0 -13.51 66.6 2.98 107.7 
1 2 1973 1.15 -9.58 0 -12.24 68.2 1.57 105.93 
1 3 1973 0.31 -7.98 0 -11.58 77.6 2.35 92.48 
1 4 1973 -3.84 -11.06 0 -10.49 81.2 1.6 86.76 
1 5 1973 -5.96 -6.98 0 -10.69 92.6 1.8 63.3 
1 6 1973 4.08 -9.21 0 -10.96 63.3 0.55 113.78 
1 7 1973 6.51 -3.76 0 -7.77 65.7 4.77 110.67 
1 8 1973 -0.22 -5.51 0 -8.04 81.4 4.11 87.62 
1 9 1973 -2.87 -5.73 2.54 -3.15 82.1 4.15 85.97 
1 10 1973 -4.49 -5.61 1.02 -2.92 96.4 2.28 52.81 
1 11 1973 -1.97 -6.42 0.76 -4.98 82.2 1.98 87.15 
1 12 1973 -2.44 -6.27 11.94 -6.38 92.3 2.43 65.95 
1 13 1973 -1.68 -9.54 4.32 -9.86 86 2.56 81.52 
1 14 1973 6.38 -9.08 0 -19.62 45 3.29 140.13 
1 15 1973 5.49 -9.13 0 -23.8 49.4 1.17 137.29 
1 16 1973 3.66 -1.52 0 -16.78 76.4 3.54 101.9 
1 17 1973 6.37 -4.84 0 -11.26 75.7 2.96 103.2 
1 18 1973 6.92 -5.06 0 -16.29 71.3 2.39 111.67 
1 19 1973 6.79 -6.67 0 -14.89 60.1 3.47 127.86 
1 20 1973 1.94 -10.08 0 -11.39 59 1.84 129.69 
1 21 1973 0.02 -7.67 0 -11.76 85.1 1.81 88.3 
1 22 1973 1.87 -7.73 0 -13.53 66.7 2.81 121.61 
1 23 1973 1.3 -2.07 0 -10.09 89.5 2.55 79.28 
1 24 1973 0.66 -9.18 0 -10.68 70.5 3.31 117.36 
1 25 1973 1.48 -11.86 0 -10.57 54.7 2.85 140.05 
1 26 1973 -1.07 -10.34 0 -9.89 94 4.08 68.4 
1 27 1973 -4.65 -10.89 0 -12.39 88.6 3.31 84.61 
1 28 1973 -0.21 -11.11 0 -15.67 44.8 1.68 155.67 
1 29 1973 3.12 -3.97 0 -14.71 64.7 3.15 132.18 
1 30 1973 -2.86 -5.86 0 -13.99 86.2 4.96 92.82 
1 31 1973 -5.86 -12.07 0 -9.4 79.8 3.08 107.33 
2 1 1973 -2.56 -15.7 0 -12.26 79.9 2.88 108.53 
2 2 1973 -5.87 -14.31 0 -27.34 93.2 0.16 76.61 
2 3 1973 -11.17 -25.09 0 -38.37 82.7 0.83 106.26 
2 4 1973 -8.82 -20.04 0 -35.71 61.1 1.73 146.8 
2 5 1973 -5.44 -20.9 0 -21.12 15.7 3.31 191.49 
2 6 1973 3.3 -7.82 0 -3.65 2.9 5.43 193.33 
2 7 1973 1.5 -7.92 0 0.29 77.1 6.23 117.77 
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2 8 1973 -5.02 -5.89 0 -12.88 99.9 3.18 46.37 
2 9 1973 -5.89 -19.66 0 -27.25 100 0.16 34.82 
2 10 1973 -9.37 -20.87 0 -38.92 91 2.47 90.28 
2 11 1973 -8.63 -25.24 0 -34.96 73.4 1.28 134.98 
2 12 1973 -0.36 -18.06 0 -29.93 52.8 0.55 170.29 
2 13 1973 9.13 -5.98 0 -6.53 6.7 4.46 206.94 
2 14 1973 4.71 -3.36 0 1.87 45.6 4.68 175.8 
2 15 1973 -3.36 -13.41 0 2.58 100 4.48 44.3 
2 16 1973 -7.83 -8.87 0 5.3 83 5.17 113 
2 17 1973 -8.65 -8.81 0 -4.82 100 3.01 44.11 
2 18 1973 -8.81 -14.46 0 -14.24 85 2.13 114.47 
2 19 1973 -14.46 -19.17 0 -32.53 100 2.26 28.89 
2 20 1973 -6.53 -17.31 0 -24.83 51.8 0.4 185.01 
2 21 1973 3.51 -13.44 0 -21.4 46.2 1.95 194.08 
2 22 1973 5.35 -11.83 1.78 -21.74 81.9 1.04 128.42 
2 23 1973 12.43 1.45 0.25 -6.46 5.7 2.44 228.19 
2 24 1973 16.19 1.24 0.76 -2.36 80.8 3.61 130.52 
2 25 1973 12.89 -0.88 0 -15.93 81.8 2.84 131.92 
2 26 1973 20.87 4.56 0 -2.1 0 6.05 234.89 
2 27 1973 26 12.41 0 19.48 0 9.18 237.14 
2 28 1973 13.7 7.45 0 16.85 75.2 9.4 138.73 
3 1 1973 5.18 -2.32 0 0.63 86.2 4.24 120.3 
3 2 1973 -2.32 -8.27 3.3 -4.39 91.4 4.47 104.82 
3 3 1973 -2.1 -10.07 0 -8.82 82.4 2.72 136.59 
3 4 1973 -0.44 -8.4 0 -10.48 74.9 3.48 158.3 
3 5 1973 2.03 -7.35 0 -8.63 77.6 2.9 152.37 
3 6 1973 4.22 -8.97 0 -11.72 68.3 4.44 177 
3 7 1973 0.38 -7.29 0.76 -4.41 89.7 3.1 116.3 
3 8 1973 5.07 -6.82 0 -11.98 82.3 1.89 143.83 
3 9 1973 4.56 -7.72 0 -12.06 69.4 2.6 179.32 
3 10 1973 8.35 -2.51 0 -9.07 60.8 3.3 198.76 
3 11 1973 10.21 -2.52 0 -14.16 66.4 2.72 189.85 
3 12 1973 7.91 -3.09 1.02 -9.99 83.4 4.36 145.07 
3 13 1973 12.57 -7.33 0 -18.84 34.6 2.87 248.94 
3 14 1973 13.91 -4.21 0 -15.37 31.6 2.84 253.87 
3 15 1973 14.13 2.74 0 -8.08 63.8 1.64 200.69 
3 16 1973 14.41 1.49 0 -1.79 59.7 2.83 208.75 
3 17 1973 9.64 -0.79 0 -6.86 82.4 3.2 153.66 
3 18 1973 6.57 -4.61 0 -10.23 73.4 3.16 182.67 
3 19 1973 5.51 -3.76 0 -3.28 77.4 4.72 170.69 
3 20 1973 8.04 -0.94 0 -2.79 71.8 2.46 187.74 
3 21 1973 10.27 3.13 0 -4.95 79.4 3.65 168.11 
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3 22 1973 6.5 -2.21 0 -4.49 82.8 3.11 158.15 
3 23 1973 4.85 -0.43 0 1.46 79.4 3.82 168.22 
3 24 1973 10.18 4.8 0 13.73 86.1 2.89 139.68 
3 25 1973 11.04 5.32 0 8.93 75.7 3.42 177.76 
3 26 1973 5.75 -1.27 0 3.54 81.8 2.59 163.21 
3 27 1973 2.66 -4.05 0 -6.51 82.6 1.43 165.18 
3 28 1973 4.27 -4.97 0 -9.79 82.7 3.52 166.78 
3 29 1973 1.69 -7.12 0 -9.36 88.7 1.74 144.34 
3 30 1973 5.62 -5.93 0 -10.4 77.5 2.66 187.15 
3 31 1973 7.62 -1.74 0 -2.26 74.4 1.88 195.7 
4 1 1973 12.52 1.61 9.4 2.09 67.1 0.73 215.2 
4 2 1973 10.35 3.91 0 0.26 77.3 3.07 188.25 
4 3 1973 4.91 0.34 0 -5.94 78.7 3.06 186.96 
4 4 1973 8.42 1.53 0 -0.98 76.3 1.29 194.34 
4 5 1973 8.17 2.14 0 3.11 77.7 2.55 189 
4 6 1973 10.19 0.73 0 0.62 86.4 2.85 159.47 
4 7 1973 8.66 3.9 0 2.74 72.8 2.89 207.04 
4 8 1973 9.59 1.41 0 3.06 80.5 3.63 182.94 
4 9 1973 7.65 -1.2 0 -2.42 83.6 3.05 174.67 
4 10 1973 7.01 -4.73 0 -12.58 66.7 3.96 234.84 
4 11 1973 11.73 -3.53 0 -10.49 55.6 1.93 263.91 
4 12 1973 11.76 -0.69 0 -7.75 78.8 2.58 197.67 
4 13 1973 10.91 2.11 3.05 2.08 81.5 1.37 185.27 
4 14 1973 15.78 3.17 0 1.34 71 2.2 221.91 
4 15 1973 9.74 2.86 3.05 3.6 86.4 1.64 166.42 
4 16 1973 12.09 3.35 0 2.08 79.2 3.1 196.56 
4 17 1973 11.07 2.66 0 -0.96 59.9 2.79 257.74 
4 18 1973 14.57 2.93 0 5.48 62.2 3.13 248.82 
4 19 1973 15.5 5.04 0 3.56 76.7 4.05 207.64 
4 20 1973 11.29 5.17 0 -1.52 74.3 3.96 219.63 
4 21 1973 8.82 0.03 0 -5.38 74.1 2.6 223.01 
4 22 1973 12.23 2.57 0 1.27 77.3 1.28 209.87 
4 23 1973 10.09 1.99 0 -3.49 88.9 3.05 163.81 
4 24 1973 12.72 2.41 0 -4.51 73.5 3.18 227.72 
4 25 1973 13.28 4.62 0 -2.58 72.6 3.36 230.86 
4 26 1973 14.23 3.31 0 3.83 71.6 3.35 231.8 
4 27 1973 16.53 7.09 0 1.47 67.9 2.59 245.88 
4 28 1973 12.12 4.01 0 -5.87 77 5.67 219.67 
4 29 1973 19.08 0.79 0 -3.07 60.9 2.58 270.57 
4 30 1973 18.27 4.71 0 -1.03 52.6 3.82 291.35 
5 1 1973 19.67 4.94 0 2.13 65.9 2.51 255.13 
5 2 1973 14.55 7 0 2.3 81.2 3.11 203.07 
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5 3 1973 12.33 6.12 0 6.39 82.1 2.94 197.43 
5 4 1973 14.59 5.92 0 11.54 87.6 2.44 170.28 
5 5 1973 17.57 8.83 0 5.33 73.8 1.84 231.31 
5 6 1973 16.82 8.87 0 7.27 60.1 2.56 272.04 
5 7 1973 15.69 11.95 10.41 7.83 84.4 3.7 189.55 
5 8 1973 20.16 7.26 0 8.08 59.4 2.71 275.03 
5 9 1973 17.16 8.04 0 7.52 81.4 3.14 203.64 
5 10 1973 20.22 11.04 0 8.31 74.2 2.95 231.25 
5 11 1973 13.13 9.45 0 3.9 80.8 1.78 209.7 
5 12 1973 15.82 6.37 7.37 9.61 81.2 3.17 204.77 
5 13 1973 20.08 8.49 7.87 9.44 84.7 3.74 190.23 
5 14 1973 22.07 7.74 0 8.93 67.7 3.46 254.78 
5 15 1973 25.75 9.95 0 12.72 71.5 2.89 239.22 
5 16 1973 23.08 10.61 0 5.27 70.1 3.68 251.41 
5 17 1973 19.77 9.82 5.84 11.56 89.9 4.91 165.05 
5 18 1973 18.59 11.35 7.62 10.36 95.8 4.01 128.78 
5 19 1973 23.07 10.57 0 6.56 73.3 4.25 241.06 
5 20 1973 22.02 9.97 0 8.77 76.8 2.98 226.94 
5 21 1973 19.93 11.89 0 7.98 80.3 1.1 214.06 
5 22 1973 20.73 10.01 0 3.21 61 4.12 284.71 
5 23 1973 21.74 11.16 0 3.86 53.7 3.04 304.44 
5 24 1973 25.72 14.33 0 10.29 43.3 2.6 321.55 
5 25 1973 29.77 12.47 0 6.05 48.1 3.04 316.83 
5 26 1973 26.66 10.25 0 7.55 55.2 4.08 298.75 
5 27 1973 20.92 13.02 0 10.24 73.6 3.75 240.35 
5 28 1973 23.55 15.57 4.57 11.16 56.3 4.29 292.56 
5 29 1973 31.12 16.91 0 12.16 52.2 4.02 301.81 
5 30 1973 33.98 18.92 0 16.57 44.9 2.09 311.33 
5 31 1973 30.15 20.48 0 14.53 72.1 4.31 242.23 
6 1 1973 26.64 17.33 0 16.32 75.2 3.27 229.11 
6 2 1973 23.11 14.02 0 15.51 83.4 3.36 197.86 
6 3 1973 23.47 14.58 0 16.38 73.3 1.91 236.57 
6 4 1973 20.52 16.02 0 15.94 89 4.85 170.77 
6 5 1973 20.53 13.16 0 15.39 88.4 2.18 174.49 
6 6 1973 25.27 12.32 0 12.87 71.2 1.48 248.9 
6 7 1973 19.09 10.59 0 11.93 75.5 3.51 234.88 
6 8 1973 20.88 11.01 0 12.01 74.4 2.68 239.12 
6 9 1973 25.43 8.97 0 9.6 44.3 0.93 326.82 
6 10 1973 24.6 11.62 5.33 11.02 61 3.78 283.83 
6 11 1973 25.64 12.78 0 6.28 47.3 4.27 324.54 
6 12 1973 24.03 11.72 2.03 11.01 76.6 3.88 232.53 
6 13 1973 26.57 10.96 0 9.76 49.1 3.26 316.72 
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6 14 1973 30.27 13.97 12.95 12.52 56 3.09 296.08 
6 15 1973 28.64 15.03 0 11.31 54.3 4.08 302.2 
6 16 1973 26.14 14.95 0 7.97 57.7 3.37 297.32 
6 17 1973 15.76 10.49 0.51 12.24 93 2.39 152.12 
6 18 1973 21.43 10.3 0 11.35 79.2 0.63 222.2 
6 19 1973 22.23 11.94 0 10.26 65.3 1.85 272.79 
6 20 1973 28.16 11.4 0 9.21 58.5 1.91 293.86 
6 21 1973 28.84 15.03 0 9.12 48.1 3.17 320.12 
6 22 1973 30.81 12.5 0 11.35 42 3.04 330.15 
6 23 1973 27.18 15.33 0 11.89 52.6 6.56 305.74 
6 24 1973 22.77 12.61 8.64 16.31 86 6.07 186.86 
6 25 1973 23.92 10.81 0 11.79 74.1 2.1 241.24 
6 26 1973 19.57 14.95 1.02 14.06 60.6 1.44 281.3 
6 27 1973 33.93 16.78 0 16.21 57.2 1.77 287.07 
6 28 1973 35.59 15.42 0 14.84 44.7 3.56 318.42 
6 29 1973 32.64 17.28 0 16.67 48.9 3.27 305.88 
6 30 1973 28.98 18.94 0 17.16 63.9 3.77 266.36 
7 1 1973 29.31 18.52 0 18.32 79.8 3.15 210.62 
7 2 1973 28.38 15.51 0 15.61 76 2.95 228.56 
7 3 1973 26.08 16.53 0 15.87 54.4 2.84 293.46 
7 4 1973 29.61 19.21 0 15.87 67.5 2.91 256.64 
7 5 1973 27.43 18.72 0 17.79 65.1 2.32 260.79 
7 6 1973 27.15 18.83 0 17.62 78.5 3.18 215.54 
7 7 1973 20.78 18.02 19.81 15.08 95 3.47 135.12 
7 8 1973 23.64 12.85 0.51 12.77 68.3 1.89 257.29 
7 9 1973 26.91 15.46 1.78 14.42 73.3 4.04 238.09 
7 10 1973 24.36 16.15 5.59 15.56 87.3 4.12 178.68 
7 11 1973 27.21 15.47 0 14.01 74.7 2.49 232.73 
7 12 1973 28.97 13.96 0 10.81 63.3 2.21 273.31 
7 13 1973 27.38 15.14 0 11.5 75 4.36 233.87 
7 14 1973 24.27 13.11 0 13.43 62.4 3.6 271.83 
7 15 1973 26.54 14.88 0 13.57 73.9 3.34 234.77 
7 16 1973 30.42 15.28 0 13.19 26.1 2.53 345.81 
7 17 1973 33.63 14.82 0 11.23 50.9 4.14 302.92 
7 18 1973 32.66 15.64 0 13.83 69.3 2.11 248.45 
7 19 1973 23.98 17.31 4.57 18.08 81.2 3.68 200 
7 20 1973 26.27 18.72 0 17.38 78.5 2.56 211.07 
7 21 1973 23.16 15.49 0 18.36 81.8 1.17 196.54 
7 22 1973 25.64 11.9 0 15.71 71.8 1.99 236.01 
7 23 1973 25.81 13.18 0 15.43 68.1 3.09 247.57 
7 24 1973 27.08 15.92 0 16.02 72.2 3.39 233.05 
7 25 1973 30.85 17.51 0 12.83 60.2 3.4 272.51 
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7 26 1973 33.28 15.41 0 9.34 37 2.64 327.18 
7 27 1973 35.14 15.42 0 12.09 39.7 4.99 317.81 
7 28 1973 28.98 18.79 0 18.34 59.8 3.67 263 
7 29 1973 27.78 20.34 0 18.99 80.8 3.42 195.44 
7 30 1973 23.52 14.79 0.51 16.76 88.3 1.1 165.3 
7 31 1973 27.53 18.31 0 13.84 73.1 1.06 228.42 
8 1 1973 28.52 17.64 0 13.61 57.4 2.3 273.32 
8 2 1973 28.86 18.43 0 13.94 56.2 2.4 274.95 
8 3 1973 30.69 16.37 1.52 13.36 61.3 1.85 262.04 
8 4 1973 30.91 15.54 1.52 11.56 69.6 2.93 239.27 
8 5 1973 31.09 13.82 1.78 8.98 56.8 1.25 277.08 
8 6 1973 29.32 14.54 0 7.13 47.5 4.98 299.16 
8 7 1973 31.63 15.22 0 6.29 61 5.64 266.95 
8 8 1973 25.7 15.89 17.78 9.75 86.4 3.83 175.05 
8 9 1973 31.8 14.37 0 7.41 60 2.53 266.63 
8 10 1973 29.6 15.32 0 6.82 46.7 3.08 296.77 
8 11 1973 29.57 14.89 0 9.57 42.4 3.85 301.03 
8 12 1973 28.01 15.55 0 10.25 59.6 3.19 261.72 
8 13 1973 30.18 16.34 1.52 11.99 63 2.09 249.84 
8 14 1973 27.49 14.55 0.51 10.72 79.8 1.73 197.4 
8 15 1973 23.38 13.39 22.1 13.47 77.9 2.66 200.72 
8 16 1973 25.82 11.82 1.52 13.79 70.9 3.77 222.3 
8 17 1973 25.62 15.66 4.57 13.45 62.2 3.54 245.93 
8 18 1973 27.68 16.55 0 11.86 60.4 3.35 251.1 
8 19 1973 25.76 15.65 8.89 14.21 83 3.67 177.93 
8 20 1973 17.49 11.78 0.76 12.14 80.9 3.54 186.72 
8 21 1973 18.63 13.24 41.66 13.98 92.5 1.42 133.36 
8 22 1973 19.84 10.56 1.27 9.87 75.5 1.81 205.73 
8 23 1973 21.33 13.96 25.65 13.42 84.3 2.92 170.11 
8 24 1973 19.25 11.96 6.35 13.73 98.9 2.25 87.45 
8 25 1973 23.04 10.07 0 9.38 79.2 2.29 190.35 
8 26 1973 24.34 9.82 0 9.18 77.3 1.26 196.2 
8 27 1973 25.52 11.32 0 4.89 56.9 2.26 254.98 
8 28 1973 28.12 11.52 0 8.98 45.5 1.56 273.15 
8 29 1973 26.43 11.12 0 5.87 54.3 3.75 257.03 
8 30 1973 24.28 12.7 0.76 10.38 81.5 1.83 176.63 
8 31 1973 19.57 14.24 1.27 17.63 83.5 2.75 161.82 
9 1 1973 24.26 15.22 12.7 16.96 73.9 3.57 192.51 
9 2 1973 26.53 15.25 13.97 14.17 81.9 4.01 168.91 
9 3 1973 29.48 15.83 0 13.03 40.2 4.25 267.71 
9 4 1973 29.91 16.47 0 12.88 53.6 3.75 242.49 
9 5 1973 24.63 15.57 0 12.31 72.9 4.1 195.53 
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9 6 1973 21.59 15.56 0 14.64 52.7 2.09 239.11 
9 7 1973 26.92 14.04 0 15.62 64.8 5.11 210.43 
9 8 1973 23.93 14.25 0 10.51 61.8 4.4 221.59 
9 9 1973 23.54 14.07 1.02 14.33 66.1 3.07 206.14 
9 10 1973 25.87 15.23 0 15.17 74.5 3.86 182.21 
9 11 1973 17.99 11.04 4.83 12.97 83.5 3.54 154.8 
9 12 1973 19.99 11.96 7.87 11.11 82.9 4.5 157.32 
9 13 1973 19.35 10.93 3.56 7.24 73.3 2.56 188.27 
9 14 1973 19.14 9.24 9.91 8.4 91.1 3.05 125.26 
9 15 1973 17.42 9.43 2.03 9.32 83.9 3.09 151.56 
9 16 1973 22.58 7.11 7.11 6.43 74.7 2.96 180.96 
9 17 1973 16.78 8.66 4.83 5.96 89.7 3.76 129.55 
9 18 1973 15.97 9.46 5.84 6.71 75.1 3.01 176.96 
9 19 1973 20.13 8.28 1.27 8.29 55.8 2.52 218.85 
9 20 1973 20.16 9.1 4.57 8.29 55.4 5.22 217.85 
9 21 1973 17.56 9.13 8.64 9.63 72.2 3.99 178.47 
9 22 1973 19.42 6.09 21.34 8.06 69 4.14 186.1 
9 23 1973 22.77 7.81 0 6.47 77.9 3.63 162.68 
9 24 1973 9.91 6.84 0 2.77 91 2.78 118.63 
9 25 1973 14.72 8.39 0 5.29 82.3 3.43 147.71 
9 26 1973 20.71 9.35 0 9.63 69.5 3.18 177.78 
9 27 1973 17.32 9.92 4.32 12.23 91.9 3.4 107.77 
9 28 1973 16.18 12.11 2.79 9.61 91.1 3.18 111.31 
9 29 1973 16.97 12.24 0.76 11.91 92.2 4.11 104.98 
9 30 1973 21.47 9.12 0 2.26 75.4 3.35 161.99 
10 1 1973 17.33 5.77 0 -0.21 75.2 2.54 162.15 
10 2 1973 19.73 4.96 0 0.9 48.5 2.91 213.35 
10 3 1973 15.29 8.6 2.54 7.07 76.6 2.88 152.38 
10 4 1973 21.78 7.17 14.73 4.53 59.2 2.9 189.88 
10 5 1973 17.01 6.79 1.52 3.96 62.4 2.49 182.55 
10 6 1973 19.05 6.69 0 5.61 62.9 2.6 179.03 
10 7 1973 13.45 7.7 13.97 8.45 89.5 1.49 109.22 
10 8 1973 13.85 7.41 0 2.6 73.4 2.94 155.65 
10 9 1973 17.37 7.92 0 10.58 71.5 1.81 153.86 
10 10 1973 15.79 10.1 1.52 9.91 88 3.51 110.69 
10 11 1973 13.68 9.66 7.87 8.63 93.7 3.36 89.74 
10 12 1973 19.33 7.5 0 6.17 66 3.92 163.25 
10 13 1973 17.51 6.09 5.59 7.21 78.1 2.86 135.69 
10 14 1973 19.24 6.89 0 5.7 70.5 1.21 151.85 
10 15 1973 10.99 6.18 2.29 4.39 83.3 1.69 121.19 
10 16 1973 21.8 10.89 0 15.29 68.7 1.19 145.81 
10 17 1973 13.47 7.08 0.76 6.41 89.7 4.11 99.61 
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10 18 1973 16.77 5.29 0 2.05 77.5 4.19 132.86 
10 19 1973 12.38 2.66 0 -0.72 72 5.41 144.52 
10 20 1973 13.59 2.08 0 -2.77 72.3 2.94 143.3 
10 21 1973 8.79 1.28 0 -3.78 71.5 3.42 143.79 
10 22 1973 8.13 -2.89 0 -5.56 73.8 1.79 138.14 
10 23 1973 11.83 -0.93 0 -3.68 76.7 2.25 130.24 
10 24 1973 11.02 -2.14 0 -11.02 73.5 2.51 137.3 
10 25 1973 6.63 -5.58 0 -13.25 74.4 1.09 134.67 
10 26 1973 11.01 2.41 0.51 -1.52 85.2 0.61 106.17 
10 27 1973 18.03 6.24 0 2.69 62.4 2.51 149.09 
10 28 1973 22.18 7.02 0 0.77 52.7 2.44 162.24 
10 29 1973 18.13 8.51 0 5.99 53.6 2.18 156.93 
10 30 1973 19.82 7.93 0 7.79 56.9 2.34 150.14 
10 31 1973 11.95 5.96 0 4.27 82 2.95 107.09 
11 1 1973 7.89 2.58 0 0.96 84.3 1.1 101.91 
11 2 1973 4.3 2.23 1.27 1.81 94.5 1.76 71.7 
11 3 1973 4.85 1.78 0 2.33 81.3 3.39 106.36 
11 4 1973 12.04 -1.29 0 -4.04 76.3 4.18 117.24 
11 5 1973 4.87 -0.63 6.1 -5.08 89.2 3.5 87.29 
11 6 1973 10.86 -2.78 0 -8.29 71.3 4.41 125.01 
11 7 1973 9.93 -2.61 0 -7.43 43.8 2.01 160.5 
11 8 1973 6.56 -3.86 0 -10.68 73.3 2.11 119.73 
11 9 1973 4.79 -4.9 0 -11.73 53.6 3.12 147.76 
11 10 1973 15.47 -2.32 0 -8.94 23.7 1.03 172.9 
11 11 1973 13.41 -1.09 0 -2.48 20 1.84 171.5 
11 12 1973 13.34 -0.23 0 0.83 67.9 2.92 121.57 
11 13 1973 5.13 0.24 0 -4.44 85.9 3.04 89.23 
11 14 1973 5.08 -2.9 0 -9.61 91.6 3.16 74.99 
11 15 1973 6.16 -3.83 0 -11.63 50.9 2.06 143.51 
11 16 1973 2.37 -4.71 0 -6.24 86.3 2.48 86.31 
11 17 1973 3.99 -2.78 0 -4.03 73.5 2.13 109.46 
11 18 1973 5.39 -1.42 0 -6.27 89.7 2.92 77.17 
11 19 1973 7.14 -4.06 0 -9.24 58.2 3.28 130.3 
11 20 1973 3.03 -4.31 0 -10.94 80.5 2.05 96.14 
11 21 1973 3 -3.76 0 -13.29 82.3 2.67 92.26 
11 22 1973 -0.77 -5.33 0 -14.2 74.3 3.61 105.91 
11 23 1973 0.51 -9.61 0 -13.57 85.4 3.47 84.91 
11 24 1973 0.54 -7.64 0 -14.51 74.6 3.8 104.05 
11 25 1973 -1.36 -10.39 0 -16.73 79.4 2.08 95.54 
11 26 1973 -1.89 -8.93 0 -13.57 67.5 1.79 113.05 
11 27 1973 2.59 -6.53 0 -6.39 63.2 1.38 116.8 
11 28 1973 9.81 -3.81 0 -3.59 69.3 2.18 107.46 
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11 29 1973 4.92 -4.02 0 -8.34 77.1 2.89 96.15 
11 30 1973 2.58 -6.92 0 -14.22 71.5 4.35 104.98 
12 1 1973 3.47 -7.11 0 -16.26 62.1 4.24 117.08 
12 2 1973 3.17 -7.41 0 -12.69 70 2.42 105.83 
12 3 1973 4.83 -5.4 0 -16.04 50.8 2.25 128.22 
12 4 1973 3.82 -4.47 0 -7.19 58.7 2.33 117.91 
12 5 1973 3.49 -5.17 0 -6.83 81.8 3.18 85.24 
12 6 1973 1.47 -6.1 0 -11.69 85.1 2.03 79.45 
12 7 1973 1.79 -4.68 0 -8.95 87.3 1.7 74.49 
12 8 1973 -0.35 -5.26 0.76 -3.32 91.3 0.74 64.61 
12 9 1973 -0.7 -4.36 4.06 -0.84 91.7 3.46 63.08 
12 10 1973 3.35 -5.17 0 -8.32 82.1 2.72 83.41 
12 11 1973 4.79 -4.44 0 -9.36 75.9 2.81 93.32 
12 12 1973 3.23 -4.39 0 -6.72 64.3 0.91 108.28 
12 13 1973 5.31 -3.92 0 -5.22 75.4 2.38 92.98 
12 14 1973 -3.92 -5.52 2.79 -4.53 90.8 1.67 64.96 
12 15 1973 2.31 -10.33 0 -13.02 66.3 3.55 106.21 
12 16 1973 -3.77 -9.87 0 -14.63 82.8 4.51 81.9 
12 17 1973 -3.34 -11.98 0 -19.74 84.2 5.17 79.57 
12 18 1973 -2.89 -11.11 0 -21.22 51.5 3.29 123.05 
12 19 1973 0.51 -13.12 0 -23.06 70.5 4.5 101.33 
12 20 1973 -2.87 -9.78 0 -19.64 42.2 2.69 130.99 
12 21 1973 5.49 -9.13 0 -14.4 57.4 2.09 116.24 
12 22 1973 6.07 -7.08 0 -15.68 67.3 3.24 104.97 
12 23 1973 5.14 -4.69 0 -10.46 78.2 2.42 89.06 
12 24 1973 5.48 -5.34 0 -15.6 75.4 3.01 93.98 
12 25 1973 1.39 -4.43 0.51 -9.07 87.6 3.01 72.27 
12 26 1973 1.62 -5.87 0 -6.82 88.1 1.61 71.15 
12 27 1973 0.93 -8.6 0 -6.52 85.7 2.32 75.91 
12 28 1973 -3.39 -8.84 0 -10.26 91.5 1.13 64.19 
12 29 1973 -5.78 -11.51 0 -11.74 71.5 1.92 100.02 
12 30 1973 -7.48 -13.16 0 -13.33 72.3 1.26 99.32 
12 31 1973 -6.18 -13.76 0 -16.09 84.8 2.81 79.48 
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Appendix B4. Daily climate data of CUIMU station 
Month Day Year Max Air 
Temperature 
Min Air 
Temperature 
Precipitation Dew 
Point 
Sky 
Cover 
Wind 
Speed 
Solar 
Radiation 
 
1 1 1973 11.44 -4.96 0 -0.17 73.7 0.04 98.98 
1 2 1973 10.87 -3.8 0 -1.14 63.1 1.25 113.91 
1 3 1973 10.98 -2.67 0 -3.04 75.9 1.92 97.07 
1 4 1973 15.29 -3.15 0 0.04 50.3 2.3 128.32 
1 5 1973 12.76 -5.8 0 -2.01 55.4 1.21 124.32 
1 6 1973 6.46 -3.21 0 -1.56 76.3 2.16 97.34 
1 7 1973 4.58 -7.18 0 -6.44 76.3 0.99 98.7 
1 8 1973 4.63 -7.02 0 -4.57 75.8 0.27 99.71 
1 9 1973 4.24 -6.74 0 -5.71 78 1.42 96.71 
1 10 1973 0.54 -9.56 0 -8.82 74.4 0.57 103.69 
1 11 1973 -1.64 -5.31 0 -7.38 96.1 1.82 56.55 
1 12 1973 8.09 -7.07 0 -7.63 64.6 0.81 118.98 
1 13 1973 10.27 -5.57 0 -5.29 56.2 3.35 129.58 
1 14 1973 3.83 -4.97 0 -7.17 82 2.54 92.39 
1 15 1973 0.86 -2.29 2.29 -4.35 82.5 2.71 91.61 
1 16 1973 -0.91 -2.32 0.76 -3.42 98.5 0.85 47.83 
1 17 1973 5.81 -5.96 0 -7.78 54.3 0.33 135.76 
1 18 1973 4.71 -11.11 0 -9.38 73.9 1.82 110 
1 19 1973 -1.03 -8.24 0 -7.32 87.6 1.66 83.48 
1 20 1973 -1.32 -8.16 0 -9.27 84.9 0.41 90.66 
1 21 1973 0.84 -6.86 0 -7.69 86.2 2.87 88.06 
1 22 1973 2.77 -6.97 0 -7.21 86.7 1.51 87.55 
1 23 1973 4.58 -8.41 0 -7.2 70.5 1.67 119.3 
1 24 1973 3.82 -9.17 0 -9.12 64.9 1.6 129.24 
1 25 1973 1.41 -7.17 0 -8.28 56.3 1.76 141.76 
1 26 1973 12.08 -6.2 0 -2.93 66.1 0.34 128.01 
1 27 1973 10.71 -6.39 0 -5.88 78 2.34 109.57 
1 28 1973 8.67 0.57 0 -2.97 95.8 2.66 64.2 
1 29 1973 6.33 1.19 0 -2.77 98.4 1.81 53.22 
1 30 1973 1.19 -5.54 0 -5.63 75.8 1.59 116.52 
1 31 1973 -0.3 -7.2 0 -7.52 81.7 0.98 106.02 
2 1 1973 3.62 -5.57 0 -4.72 81.7 2.87 106.28 
2 2 1973 9.64 -1.41 0 6.48 49.1 3.15 154.7 
2 3 1973 10.03 5.52 0 19.18 26.5 6.89 164.89 
2 4 1973 7.62 -16.24 0 26.01 91 6.84 72.47 
2 5 1973 -2.11 -27.69 0 13.55 100 1.84 19.64 
2 6 1973 -3.48 -17.51 0 -6.39 100 1.47 19.82 
2 7 1973 -11.6 -13.99 0 -21.19 100 1.02 28.27 
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2 8 1973 -6.13 -21.93 0 -22.87 68 0.16 143.69 
2 9 1973 0.18 -17.84 0 -21.89 65.1 1.38 150.1 
2 10 1973 4.8 -11.74 0 -2.3 30.6 5.36 190.16 
2 11 1973 3.25 -0.95 0 10.36 36.6 4.44 178.69 
2 12 1973 4.06 1.08 0 5.72 98.2 0.74 60.51 
2 13 1973 1.08 -10.86 2.54 -7.8 100 0.2 21.17 
2 14 1973 -8 -11.35 0 -18.34 90.1 1.33 97.9 
2 15 1973 -6.63 -20.5 0 -30.19 99.1 2.95 58.93 
2 16 1973 1.43 -17.46 0 -29.03 70 0.27 151.42 
2 17 1973 5.92 -18.08 0 -20.19 30.3 0.41 208.25 
2 18 1973 6.11 -15.94 0 -18.44 62.4 1.24 167.58 
2 19 1973 10.79 -8.68 0 -15.91 44.8 1.74 195.32 
2 20 1973 12.22 -6.14 0 -13.13 11.4 0.37 226.22 
2 21 1973 16.47 -3.79 0 -8.52 8 1.63 228.36 
2 22 1973 16.86 -2.01 0 -7.97 43.2 2.32 200.87 
2 23 1973 17.03 -7.45 0 -14.97 78.6 0.41 140.15 
2 24 1973 17.53 -6.5 0 -22.28 64.2 2.38 174.2 
2 25 1973 24.38 -8.33 0 -19.12 13.7 1.04 237.07 
2 26 1973 27.15 -11.79 0 -22.19 25.2 0.82 231.44 
2 27 1973 26.17 -10.66 0 -21.17 59.6 0.85 187.67 
2 28 1973 12.92 -4.51 3.56 -7.63 63.5 2.83 179.24 
3 1 1973 16.95 -5.98 0 -6.66 54.4 1.86 196.95 
3 2 1973 14.86 -0.79 0 -0.78 63.3 1.37 180.42 
3 3 1973 12.68 0.99 0 -4.31 48.7 2.7 208.74 
3 4 1973 6.25 -0.46 5.08 0.23 88.8 2.1 117.08 
3 5 1973 10.09 2.94 1.27 -2.16 68.4 3.37 175.31 
3 6 1973 12.82 -2.07 0 -1.64 78.5 1.78 151.69 
3 7 1973 14.32 0.58 0 -4.29 54.1 2.62 207.25 
3 8 1973 9.77 0.18 0 -2.94 72.9 0.53 169.44 
3 9 1973 13.87 -1.09 0 -4.91 56.1 2.25 207.62 
3 10 1973 12.99 -1.97 0 -6.97 66 3.21 189.98 
3 11 1973 10.35 -5.35 0 -9.13 64.4 3.63 195.89 
3 12 1973 7.14 -4.47 0 -8.04 82 2.06 151.14 
3 13 1973 8.06 -5.73 0 -5.93 84 0.28 145.43 
3 14 1973 10.65 -4.43 0 0.38 70.6 0.32 182.76 
3 15 1973 12.71 2.26 0 5.22 74.1 1.06 172.81 
3 16 1973 19.98 2.17 0 6.91 58.6 1.1 208.34 
3 17 1973 18.1 4.56 0 1.36 63.9 0.98 202.53 
3 18 1973 15.86 -0.21 0 -1.14 58.7 1.48 216.57 
3 19 1973 16.91 2.35 0 -1.01 61.6 1.51 211.97 
3 20 1973 13.52 -0.01 0 -7.39 75.6 1.87 180.87 
3 21 1973 14.48 0.17 0 -8.67 64.8 2.57 210.95 
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3 22 1973 13.54 0.46 0 -13.71 64.9 3.63 213.66 
3 23 1973 13.93 -4.32 0 -14.46 43.7 1.41 257.95 
3 24 1973 15.95 -4.24 0 -5.41 38.3 0.55 265.06 
3 25 1973 22.11 -1.17 0 0.73 61.2 1.91 221.63 
3 26 1973 17.73 2.73 0 -0.86 61.4 1.08 223.57 
3 27 1973 17.19 2.18 0 -3.39 49.3 1.94 251.33 
3 28 1973 20.48 0.54 0 -3.86 25.8 1.86 288.23 
3 29 1973 20.19 -0.57 0 -1.46 51.2 2.33 250.19 
3 30 1973 14.76 -1.43 0 2.98 65.5 0.8 217.75 
3 31 1973 11.67 4.13 8.13 6.33 96.2 1.34 104.15 
4 1 1973 8.97 6.73 0.51 9.2 89.7 1.93 137.36 
4 2 1973 17.38 2.81 0 0.78 74.6 3.35 197.95 
4 3 1973 9.76 2.91 0 -1.69 77.4 2.02 191.29 
4 4 1973 12.21 1.06 6.1 2.67 78 0.98 188.7 
4 5 1973 12.68 1.14 0 -0.38 73.9 1.85 204.49 
4 6 1973 7.56 2.78 0 7.06 97.3 1.06 99.85 
4 7 1973 11.61 2.04 0 2.13 74.2 1.6 204.64 
4 8 1973 9.47 4.15 0.51 3.94 93.1 1.39 128.79 
4 9 1973 14.18 -1.28 0 -0.03 70.3 1.47 219.91 
4 10 1973 15.59 4.44 0 0.97 77.5 2.36 197.96 
4 11 1973 15.99 4.9 0 2.23 69.3 2.4 224.14 
4 12 1973 13.96 5.51 2.03 2.96 76.7 0.69 201.74 
4 13 1973 23.24 6.27 0 9.13 62.1 1.67 240.56 
4 14 1973 17.82 5.79 0 4.73 84 2.48 175.71 
4 15 1973 14.42 6.37 0 1.43 79.9 2.57 194.41 
4 16 1973 12.22 4.34 0 -0.32 91.4 2.75 145.51 
4 17 1973 12.64 -1.92 0 -4.28 74.6 2.8 217.65 
4 18 1973 13.69 -1.72 0 -4.87 60.6 1.22 260.34 
4 19 1973 19.88 1.08 0 0.11 45.1 0.77 293.69 
4 20 1973 24.63 5.81 0 4.71 76 2.01 211.3 
4 21 1973 16.37 7.05 3.81 5.76 80.2 2.29 196.38 
4 22 1973 14.49 9.64 6.6 7.52 84.4 1.26 179.24 
4 23 1973 18.06 10.27 4.32 11.96 93.7 2.35 131.41 
4 24 1973 17.9 14.68 5.33 14.76 87.9 2.51 159.88 
4 25 1973 16.65 10.1 0 9.26 80.5 3.03 196.07 
4 26 1973 17.97 7.4 0 7.77 68.9 1.23 237.68 
4 27 1973 22.41 7.44 0 8.09 71 1.32 231.97 
4 28 1973 17.66 8.31 0 4.56 83.4 1.87 189.94 
4 29 1973 16.78 3.33 8.64 2.99 79.2 1.24 208.79 
4 30 1973 16.13 4.37 8.64 5.83 71.8 2.03 233.75 
5 1 1973 28.42 5.93 0 3.21 47.1 2.51 302.17 
5 2 1973 23.23 4.06 0 -2.43 45.8 2.09 309.98 
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5 3 1973 24.68 3.97 0 5.22 53.7 2.72 287.56 
5 4 1973 22.24 6.08 0 5 77.5 2.37 217.61 
5 5 1973 16.69 5.06 0 0.06 74.4 3.82 232.66 
5 6 1973 19.02 6.8 18.29 8.39 75.8 2.22 222.8 
5 7 1973 25.28 9.38 0 6.87 60 2.86 273.81 
5 8 1973 25.29 11.12 0 6.57 62.4 1.84 268.36 
5 9 1973 20.76 9.22 0 8.08 74.1 0.48 231.2 
5 10 1973 25.01 13.12 0 7.98 68.3 2.19 251.17 
5 11 1973 19.37 14.9 12.19 12.37 83.8 2.75 190.91 
5 12 1973 22.21 11.62 0 10.33 78.7 2.37 213.82 
5 13 1973 23.21 9.76 0 9.57 64.9 3.03 261.77 
5 14 1973 27.01 11.28 0 7.55 54.8 0.54 291.95 
5 15 1973 26.34 15.11 0 11.77 81.1 2.84 204.78 
5 16 1973 26.32 14.21 0 10.89 60.9 1.39 273.75 
5 17 1973 28.36 13.24 0 12.99 59.6 1.05 275.11 
5 18 1973 30.59 11.53 0 11.06 49.4 2.11 303.46 
5 19 1973 28.75 10.57 0 12.84 61.6 2.4 271.15 
5 20 1973 28.24 12.57 0 12.17 76.1 1.74 226.28 
5 21 1973 30.63 14.92 0 11.42 44.4 0.69 315.64 
5 22 1973 33.98 14.85 0 14.3 45.4 1.98 309.8 
5 23 1973 28.08 16.65 0 13.79 70.1 2.04 246.38 
5 24 1973 33.38 17.16 0 14.2 74.7 2.75 230.46 
5 25 1973 30.84 16.17 0 12.94 69.9 3.18 249.1 
5 26 1973 28.27 14.64 0 14.03 75.5 2.05 228.64 
5 27 1973 25.71 15.94 0 13.67 81.7 0.23 205.29 
5 28 1973 26.28 13.52 0 9.7 59.7 2.53 284.74 
5 29 1973 27.66 14.12 0 10.36 55.6 1.73 295.35 
5 30 1973 31.47 16.5 0 15.27 44.2 1.58 314.53 
5 31 1973 35.39 14.59 0 11.66 37.9 1.34 332.85 
6 1 1973 33.06 12.52 0 12.41 51.4 3.29 304.08 
6 2 1973 27.26 16.47 0 14.59 68.1 2.5 255.38 
6 3 1973 26.38 19.38 4.57 15.39 67.2 2.87 257.41 
6 4 1973 34.94 18.63 0 14.83 56.8 2.03 288.1 
6 5 1973 38.25 20.21 0 17.78 54.7 0.36 288.52 
6 6 1973 35.16 22.73 0 17.13 77.9 3.2 218.78 
6 7 1973 31.04 19.84 0 18.33 70.7 2.29 242.64 
6 8 1973 25.96 18.06 3.56 19.13 90 2.07 162.29 
6 9 1973 30.33 19.96 0 14.88 78.4 2.91 220.07 
6 10 1973 32.13 16.16 0 11.24 28.7 1.57 351.84 
6 11 1973 35.09 15.99 0 14.56 55.5 2.56 293.23 
6 12 1973 27.84 17.99 3.81 17.95 86.1 2.74 183.69 
6 13 1973 27.13 18.48 0.51 18.44 92.4 1.99 150.21 
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6 14 1973 22.29 17.72 3.81 18.46 91.3 2.92 156.22 
6 15 1973 28.42 16.3 0 14.74 64.1 0.95 269.66 
6 16 1973 29.02 18.51 1.78 18.34 92.9 1.38 147.07 
6 17 1973 22.43 17.55 9.91 18.69 91 1.82 157.87 
6 18 1973 30.17 16.92 0 15.77 74.7 1.9 233.6 
6 19 1973 29.53 14.91 0 17.08 77.5 2.55 221.63 
6 20 1973 34.13 19.21 0 16.17 63 1.59 271.04 
6 21 1973 27.31 19.01 0 15.59 79.5 1.35 215.59 
6 22 1973 28.09 16.82 0 16.4 72.3 1.86 241.34 
6 23 1973 30.48 17.32 0 16.05 34.9 0.4 334.32 
6 24 1973 30.12 16.08 0 15.54 82.5 0.2 202.91 
6 25 1973 31.34 17.48 0 14.71 57.7 1.86 287.6 
6 26 1973 31.3 19.23 0 16.38 63.1 1.1 270 
6 27 1973 32.32 16.99 0 15.37 74.7 2.05 233.74 
6 28 1973 31.57 18.18 0 17.11 59.7 1.14 277.89 
6 29 1973 38.23 19.13 0 18.04 53.7 2.55 291.33 
6 30 1973 37.57 18.86 0 18.54 49.5 2.34 299.89 
7 1 1973 36.61 19.17 0 18.81 80.9 2.53 204.97 
7 2 1973 26.3 20.91 7.11 19.03 90.6 0.24 158.85 
7 3 1973 35.33 20.44 0 16.72 69.6 1.87 248.27 
7 4 1973 31.76 19.68 0 18.91 77.2 2.99 218.44 
7 5 1973 24 21.63 0 19.16 93.1 1.43 143.82 
7 6 1973 27.22 18.71 0 17.69 74.4 2.22 230 
7 7 1973 30.68 19.61 0 19.74 70.6 2.82 239.26 
7 8 1973 31.57 20.07 0 19.58 70.6 2.05 239.18 
7 9 1973 29.76 20.18 0 18.23 67.9 1.7 249.62 
7 10 1973 32.56 18.45 0 19.71 63 2.43 261.25 
7 11 1973 36.24 21.26 0 19.99 58 0.76 273.58 
7 12 1973 35.68 20.18 0 18.91 56.4 2.29 279.36 
7 13 1973 35.12 21.54 0 16.09 69.6 3.56 246.19 
7 14 1973 34.41 16.71 0 14.31 40.2 1.44 321.71 
7 15 1973 33.53 16.66 0 13.66 44.1 2.81 314.67 
7 16 1973 33.25 17.03 0 15.03 60.2 3.59 274.29 
7 17 1973 29.18 17.19 17.53 16.98 81.9 1.62 199.16 
7 18 1973 26.61 17.63 3.05 16.52 73.6 2.8 230.24 
7 19 1973 27.87 18.53 17.78 17.97 90.4 3.97 157.7 
7 20 1973 28.27 17.14 0 17.91 66.4 2.12 250.23 
7 21 1973 31.11 18.05 0 18.64 76.3 1.79 216.6 
7 22 1973 34.84 18.3 0 18.39 20.4 1.11 337.87 
7 23 1973 37.76 16.15 0 16.13 51.6 2.43 289.76 
7 24 1973 36.26 17.73 0 18.67 76.1 0.22 215.86 
7 25 1973 26.99 20.72 6.1 21.46 86.6 1.86 169.81 
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7 26 1973 30.89 22.43 0 20.55 81.8 1.29 191.07 
7 27 1973 26.91 18.91 0 20.09 83.3 0.34 184.88 
7 28 1973 29.97 14.01 0 17.16 69.2 0.43 238.43 
7 29 1973 30.08 14.97 0 17.45 69.1 1.3 237.82 
7 30 1973 31.73 18.01 0 19.08 71.6 1.56 226.69 
7 31 1973 35.72 20.11 0 17.47 56.5 2.34 270.33 
8 1 1973 37.38 19.11 0 15.96 29.4 1.94 323.33 
8 2 1973 39.19 18.65 0 17.84 31.6 3.24 315.6 
8 3 1973 34.92 21.66 0 20.86 49.2 2.25 277.66 
8 4 1973 33.84 23.46 0 21.86 73.3 2.69 213.63 
8 5 1973 28.96 20.12 0.51 19.44 85.1 0.65 173.58 
8 6 1973 32.52 21.89 0 19.24 76.5 1.45 205.8 
8 7 1973 33.33 21.63 0 18.64 65.1 2.3 240.81 
8 8 1973 33.22 22.44 0 19.32 67.6 2.04 231.88 
8 9 1973 32.57 19.76 3.3 17.71 73.4 1.42 216.21 
8 10 1973 32.76 17.52 2.03 15.6 78.7 1.95 199.91 
8 11 1973 31.71 14.43 2.29 12.09 63.4 0.39 251.05 
8 12 1973 31.98 13.48 0 11.69 56.6 2.89 267.89 
8 13 1973 33.44 13.79 0 10.07 59.7 3.58 261.09 
8 14 1973 27.93 15.7 21.84 12.52 85.7 1.43 172.7 
8 15 1973 34.31 12.66 0 10.81 57.6 0.64 263.37 
8 16 1973 32.35 13.83 0 11.22 43.2 1.01 292.07 
8 17 1973 31.59 13.88 0 13.16 42.9 1.8 288.67 
8 18 1973 30.49 15.21 0 14.38 62.4 1.05 243.74 
8 19 1973 30.29 16.87 3.05 15.57 66.6 0.79 229.97 
8 20 1973 28.94 15.41 0.51 14.14 82.8 0.38 178.55 
8 21 1973 24.97 14.42 25.65 16.17 85.7 0.38 164.02 
8 22 1973 25.14 12.12 2.79 15.6 78.2 1.36 191.8 
8 23 1973 25.99 15.82 5.08 15.8 60.9 1.35 239.97 
8 24 1973 30.58 16.9 0 15.46 58.7 1.84 244.47 
8 25 1973 28.05 17.46 10.16 16.23 81.1 2.64 178.4 
8 26 1973 21.74 14.3 0.76 13.83 80.3 1.53 182.77 
8 27 1973 21.17 15.77 45.97 16.3 94.3 0.1 118.53 
8 28 1973 22.43 12.75 2.03 12.76 79.4 0.66 185.01 
8 29 1973 23.37 16.24 27.94 16.53 87.3 1.85 150.95 
8 30 1973 22.45 14.59 6.86 15.95 99.8 0.58 73.82 
8 31 1973 25.58 10.92 0 12.12 82.2 0.32 172.63 
9 1 1973 26.83 9.69 0 10.53 75.4 0.28 195.76 
9 2 1973 28.92 9.56 0 6.72 47.6 0.77 265.44 
9 3 1973 32.17 7.74 0 8.94 34.3 0.34 283.18 
9 4 1973 30.01 7.91 0 7.01 49.7 1.75 257.98 
9 5 1973 26.19 12.06 1.02 11.87 81.9 0.25 168.96 
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9 6 1973 21.92 15.33 1.78 18.17 90 0.35 131.28 
9 7 1973 24.85 15.6 12.95 17.36 78.3 1.29 173.35 
9 8 1973 28.23 14.62 13.97 15.07 81.4 2.4 164.81 
9 9 1973 33.43 14.87 0 14.63 20.3 2.71 281.2 
9 10 1973 33.93 17.47 0 15.59 41.9 2.58 251.75 
9 11 1973 29.02 17.18 0 15.1 74.7 3 181.82 
9 12 1973 24.44 17.21 0 16.56 60.7 1.38 213.11 
9 13 1973 28.53 15.15 0 16.11 68.6 3.26 194.29 
9 14 1973 26.89 14.87 0 13.09 64.3 2.97 206.46 
9 15 1973 24.48 15.07 1.02 15.97 72.3 1.7 182.36 
9 16 1973 28.22 15.81 0 16.36 77.3 2.06 167.17 
9 17 1973 20.78 13.83 5.08 14.81 83.7 2.51 147.82 
9 18 1973 21.97 14.92 7.37 13.97 84.1 3.25 145.83 
9 19 1973 21.49 12.66 3.05 10.46 80.1 1.66 160.33 
9 20 1973 20.46 11.34 9.14 10.72 95.1 1.62 100.7 
9 21 1973 19 10.64 2.03 11.57 88.3 1.39 129.46 
9 22 1973 23.01 9.12 2.79 9.02 75.1 1.33 171.89 
9 23 1973 19.66 10.38 4.32 9.43 92.8 1.91 110.08 
9 24 1973 18.41 11.89 5.08 10.22 80 1.54 154.81 
9 25 1973 21.09 9.63 1.27 10.55 65.2 0.81 190.51 
9 26 1973 21.53 9.62 4.06 10.06 64.9 3.04 190 
9 27 1973 20.21 9.69 7.62 11.27 80.1 1.82 150.03 
9 28 1973 21.49 6.39 18.03 8.95 74.4 1.95 165.89 
9 29 1973 26.43 8.73 0 8.91 77.7 0.95 155.89 
9 30 1973 15.07 9.68 0 6.94 94.4 1.26 97.91 
10 1 1973 17.41 11.21 0 8.99 90 2.12 114.76 
10 2 1973 21.94 11.36 0 12.57 82.1 1.17 137.42 
10 3 1973 17.18 12.39 3.56 14 97.6 1.5 76.08 
10 4 1973 17.16 14.76 2.29 13.71 97.4 1.75 76.44 
10 5 1973 17.08 15.37 0.76 14.73 98.7 2.57 67.19 
10 6 1973 18 12.52 0.51 9.68 95.7 1.95 85.9 
10 7 1973 12.79 11.09 7.62 9.03 99.9 1.26 55.8 
10 8 1973 17.64 9.8 0 6.03 85.5 0.22 124.11 
10 9 1973 20.46 7.42 0 5.99 55.8 0.6 189.37 
10 10 1973 27.29 7.52 0 9.11 42.5 1.02 204.54 
10 11 1973 21.02 9.13 0 8.23 70.5 2.4 157.39 
10 12 1973 20.96 6.72 0 7.06 79.8 0.87 135.15 
10 13 1973 22.44 5.42 0 4.34 48.6 1.09 194.51 
10 14 1973 16.57 7.4 8.89 8.01 77.9 0.4 136.78 
10 15 1973 19.96 9.63 5.59 12.76 78.3 0 131.66 
10 16 1973 20.62 12.66 1.02 12.57 82.3 2.7 120.87 
10 17 1973 17.41 13.38 5.84 12.94 97.4 1.55 68.4 
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10 18 1973 18.28 10.56 4.83 11.09 87.1 1.87 106.6 
10 19 1973 16.77 12.22 1.27 12.49 96.2 0.03 73.01 
10 20 1973 12.22 10.82 2.29 12.46 100 2.09 39.02 
10 21 1973 12.91 12.22 0.51 13.62 100 0.92 21.09 
10 22 1973 14.48 9.12 0.76 12.77 100 0.92 25.36 
10 23 1973 16.24 10.02 6.1 9.38 75.7 0.32 129.93 
10 24 1973 16.83 5.73 1.52 5.75 76.8 2.05 128.21 
10 25 1973 16.06 6.83 5.59 7.32 94.3 1.1 78.41 
10 26 1973 13.79 5.91 1.27 5.8 73.6 0.5 132.47 
10 27 1973 18.19 1.73 0 0.48 46 0.48 176.18 
10 28 1973 9.82 1.51 1.52 -0.85 80.5 1.39 117.99 
10 29 1973 10.27 -4.81 0 -6.79 72.7 0.74 134.78 
10 30 1973 13.47 3.21 0.51 2.18 85.7 0.12 102.44 
10 31 1973 15.86 3.32 3.3 1.32 62.5 0.61 147.4 
11 1 1973 18.78 1.74 1.52 3.52 68.3 0.25 135.89 
11 2 1973 20.89 1.54 0 1.93 35 0.42 177.31 
11 3 1973 15.8 5.32 5.08 7.35 74.9 0.54 120.07 
11 4 1973 14.27 7.93 2.03 9.31 95.6 1.02 66.48 
11 5 1973 14.61 5.7 0 7.15 89.1 0.5 86.8 
11 6 1973 18.63 7.61 0 7.44 73.8 0.91 118.83 
11 7 1973 14.76 7.05 0 5.63 84.7 1.17 96.59 
11 8 1973 12.38 3.03 0 1.66 88.9 1.15 86.79 
11 9 1973 13.23 -0.86 0 -3.61 70.6 2.31 125.19 
11 10 1973 11.64 -0.37 0 -0.29 82.8 0.53 100.11 
11 11 1973 12.82 0.56 0 -0.35 71.1 0.04 121.38 
11 12 1973 14.08 0.06 0 0.27 60.7 1.15 135.64 
11 13 1973 9.78 0.77 0 -1.38 87 1.52 88.61 
11 14 1973 7.69 -1.94 0 -3.92 76 0.62 111.11 
11 15 1973 6.84 -2.37 0 -3.45 40.3 1.58 156.4 
11 16 1973 11.94 -0.41 2.79 0.32 74.1 2 111.55 
11 17 1973 7.18 -0.25 0.25 1.29 92.8 1.21 70.29 
11 18 1973 5.74 2.32 0.76 1.34 93.3 0.34 68.32 
11 19 1973 10.27 -1.26 0 -1.44 46.2 1.71 145.58 
11 20 1973 6.32 -0.51 0 -0.11 76.9 0.19 103.64 
11 21 1973 7.07 -0.59 0 -1.51 54.3 0.37 135.03 
11 22 1973 14.8 -3.16 0 -1.32 53.1 0.3 135.39 
11 23 1973 18.02 0.29 0 -0.12 51.7 0.18 135.59 
11 24 1973 9.58 0.71 0 -0.35 76.5 0.75 101.66 
11 25 1973 6.87 1.2 0 0.16 68.5 0.84 113.17 
11 26 1973 5.25 0.32 0 -2.19 96.2 0.75 56.14 
11 27 1973 4.87 -3.4 0 -6.33 40 1.94 145.11 
11 28 1973 0.89 -0.85 6.1 -0.84 96.2 0.91 55.52 
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11 29 1973 7.71 0.68 1.27 1.32 84.6 0 83.76 
11 30 1973 8.56 2.7 0.76 1.77 94.6 0.44 59.36 
12 1 1973 6.53 1.53 0.25 -0.19 97.1 2.27 51.31 
12 2 1973 5.49 0.71 4.83 -0.42 96.6 2.32 52.66 
12 3 1973 9.39 -3.88 0 -9.07 69.5 2.77 109.14 
12 4 1973 8.23 -5.52 0 -10.23 70.6 1.24 107.21 
12 5 1973 5.9 -6.32 0 -7.58 79.8 0.6 91.86 
12 6 1973 8.36 -4.78 0 -3.28 53.6 0.67 125.67 
12 7 1973 6.22 -0.19 0.76 3.57 85.5 0.55 78.39 
12 8 1973 4.49 0.62 1.27 3.78 93.1 2.25 61.26 
12 9 1973 3.82 0.66 0.25 0.64 96.4 0.95 51.97 
12 10 1973 4.83 -1.29 0 -3.27 90.7 1.72 68.02 
12 11 1973 1.83 -4.71 0 -8.22 84.7 2.78 81.35 
12 12 1973 3.71 -4.71 0 -9.78 76.4 2.15 95.74 
12 13 1973 -1.32 -7.72 0 -12.91 90 2.19 70.27 
12 14 1973 0.48 -10.76 0 -18.27 81.5 3.07 87.8 
12 15 1973 0.67 -9.59 0 -13.36 84.1 0.76 82.43 
12 16 1973 1.79 -9.46 0 -13.66 79 0.94 91.43 
12 17 1973 -2.26 -10.99 0 -12.79 70.6 0.17 104.04 
12 18 1973 4.06 -12.61 0 -13.44 59.6 0.41 117.91 
12 19 1973 5.12 -10.08 0 -11.13 69.5 2.08 105.14 
12 20 1973 3.79 -9.51 0 -12.64 66.4 1.18 109.47 
12 21 1973 4.72 -8.1 0 -10.71 51.1 1.1 126.42 
12 22 1973 1.98 -3.55 2.29 -3.84 95.3 0.82 55.19 
12 23 1973 7.39 -5.78 0 -9.37 62.9 1.44 113.51 
12 24 1973 10.24 -4.3 0 -8.3 62.8 1.75 113.52 
12 25 1973 4.78 -6.8 0 -10.14 74.4 2.13 98.32 
12 26 1973 3.96 -8.18 0 -13.33 57.5 1.23 120.72 
12 27 1973 3.62 -11.63 0 -14.57 64.2 1.71 113.31 
12 28 1973 3.64 -11.27 0 -15.45 50.6 2.56 128.69 
12 29 1973 3.58 -10.03 0 -11.49 79.8 0.75 90.54 
12 30 1973 1.55 -9.17 0 -11.93 84.1 1.19 82.97 
12 31 1973 -1.01 -8.44 0 -12.26 90.1 0.48 70.53 
 
